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(Hereinafter called "the Patentee") 
(Hieronder "die Patenthouer* genoem) 



has applied to me for the grant of a patent in respect of an invention described and claimed in the complete specification 
aansoek by my gedoen het om die veriening van 'n patent ten opsigte van 'n uitvinding wat beskryf Is en waarop aanspraak 

deposited at the Patent Office under the above-mentioned number, a copy of which is annexed, together with the relevant 
gemaak word in die volledige spesifikasie wat by die Pantentkantoor onder bovermelde nommer ingedien is en waarvan 'n 

FonTjR2; 

afskrif aangeheg Is tesame met die betrokke Vomi P. 2; 

NOW THEREFORE these Letters Patent are to grant to the Patentee a patent, the effect of which shall be to grant to the 
SO IS DIT dat hierdie Patentbrief aan die Patenthouer 'n patent verleen wat die uitwerking het dat, behoudens die 

Patentee in the Republic, subject to the provisions of the Act, for the duration of the patent, the right to exclude other persons 
:palings van die Wet, aan die Patenthouer vir die duur van die patent in die Republiek die reg verleen word om ander 

m making, using, exercising or disposing of the invention, so that he shall have and enjoy the whole profit and advantage 
rsone uit te slurt van die vervaardiging, aanwending, uitoefening of van die handsetting van die uitvinding. sodat hy ai die 

^ruing by reason of the inventk>n. 
» en vbordeel wat uit die uitvinding voortspruit, verkiy en geniet 



ilN TESTIMONY WHEREOF the seal of the Patent Office has been affixed at Pretoria with effect from the 
;R BETUIGING WAARVAN die seel van die Patentkantoor hierop te Pretoria aangebring is met ingang van die 



23 February 
day of 

dag van 



TWO THOUSAND 



ninotoon hundred and 
..eenduisend negehonderd. 




Registrar of Pate n t s • Rififi&tia teur van Patmite 

[See overleaf 



FORM P.2 



71 I WESTVACO CORPORATION, a legal body organised and existing under the laws o* the United 
States of America 



f application.] 
^kbetaaiwortl 



mi 



REPUBUC OF SOUTH AFRICA 



PATENTS ACT. 1978 



REGISTER OF PATENTS 



OFFICIAL APPUCATION NO. 



21 



01 



INTERNATIONAL CUASSIRCATION 



C12N:A01H 



LODGING DATE: PROVISIONAL 



22 



LODGING DATE COMPLETE 



23 



FULL NAME{S) OF APPLIGANT(S)/PATENTEE(S) 



3rd June 1 



ACCEPTANCE DATE 



47 



GRANTED DATE 



zm - 02 - 2 a 



APPUCANTS SUBSTH'UTEO: 



71 



ASSIQNE£(S) 



71 



DATE REGISTERED 



DATE REGISTERED 



FULLNAME(S) OF INyENTOR(S) 



72 



CONNETT-PORCEDDU, Marie Bemlce; BECWAR, Michael Ryan; KODRZYCKI, Robert John; 
SCHWUCHOW, Sarah Grace 



PRIORITY CLAIMED 



N.B. Use bitematlonal 
Abbr^atipn for)6ountry 
1|ii||bh4»dul«4) 



COUNTRY 



33 



Tm£ OF INVENTION 



us 
us 



NUMBER 



31 



60/087,966 
09/318.136 



DATE 



32 



4th June 1998 
2SthMay1999 



^PARTICLE MEDIATED CONIFER TRANSFORMATION 



f^^pOFESSOF APPLICANT(S)/PATENTEE(S) 



4rlM9 Park Avenue. New York, New York 10171, United States of America 



KERNICK. Waterfall Park. Kffidrand 



J&KREF: 



AP 34291 ZA 



iSrtlNftOFADDITIpNNO. 



DATE OF ANY CHANGE 



FORM P7 



REPUBUC OF SOUTH AFRICA 
PATENTS ACT, 1978 



COMPLETE SPECIFICATION 

(Seetioh 30(1) - Rsgulaiion 28) 



JOHN & KERNICK 

POBOX3511 
HALFWAY HOUSE 
1685 





01 


Official Ap^c^^ 4 3 


22 


Lodging Date 


47 


J & K Reference 








3rd June 1999 




AP34291ZA 


61 


Inttmatlonal Qasslfication 














C12N:A01H 











Riil name(8) of applicant(8) 



WESTVACO CORPORATION, a legal body organised and existing under the laws of the United 

a ^ ...... States of America 



|f^il;nam(i) of 

^COMNETT-PORCEDDU, Marie Bemice; BECWAR, Michael Ryan; KODRZYCKI, Robert John; 
SiGHWUbHOW. Sarah Grace 



.1 ^ 



i 



993748 



Case Docket No. FSL 96-1 



PARTTriJ-MEn TATFnrONTFT<ff TRANSFORMATION 



FIELD OF INVENTION 
This invention relates to a method for genetically engineering coniferous plants. In 
particular, this invention relates to a particle-mediated gene transfer method for producing 
and developing transgenic embryos for plants of the genus Pinus and Pinus interspecies 
hybrids. This method is well suited for producing transgenic clonal planting stock usefUl for 
reforestation. 



BACKGROUND OF THE INVENTION 
The identification of gene function coupled with the ability to precisely manipulate 
DNA has enabled the construction of synthetic genes whidi, when properly transferred and 
incorporated into a host cell, can modify the cell's genetic makeup. This capacity to 
manipulate genes using recombinant DNA technology combined with in vilro methods for 
plant propagation now permits genetic engineering of crop species. Indeed, genetic 
oigin^ng processes have been used to successfully transfer foreign genes into certain plant 
s^% thereby resulting in the recipient species acquiring a useful genetic trait (such as 
r^Wli td herbicides or insects). 

^^^^^1 transfer of foreign genetic material into the chromosomes of a recipient plant is 
^ilMil' ctffied out through the use of either an Agrobacterium-mediated or a particle- 
iSiilfl-ansformation process. Agrobacterium gene transfer employs the natural ability of 
1 tf^ffi^e bacterium Agrobacterium lumefaciens to transfer a portion of DNA (known as 

^^^^lom an extrachromosomal plasmid (known as the Ti-plasmid) to a receptive plant 
S:^^^|iS^pyfic conditions. Using suitable techniques of recombinant DNA 
* ^p^i^liiTMiyNA may be replaced with a desired piece of DNA. This method has 



|.^^^p)^li^itabie;ft>r all plant cell types. 
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In partide-mediated gene transfer, the DNA of interest is precipitated onto the 
surfece of carrier particles which are subsequently accelerated toward a piece of target tissue. 
The carrier particles penetrate the ceU waU of the plant cell, wherein the DNA can be 
expressed, and may integrate with the chromosomal DNA. Transient expression of the 
transforming DNA has been reported in conifers (Chareste/ a/.. 1993; Walter ./a/.. 1994). 
Stable expression only results if the transforming DNA integrates with the chromosomal 
DNA. 

In addition to Agrobacterium-mediated and particle-mediated gene transfer, other 
mcOiods of gene transfer have been used to introduce foreign genes into conifers, such as 
dectroporation (Campbdl et al., 1992). However, only transient expression has been 
reported using any of tiiese other metiiods. and no transgenic plants have been reported.to 
have been generated using such methods. 

This illustrates that the mere act of introducing DNA into the host ceU chromosome 
is^liy itsdt not sufficient for tiie production of transgenic plants. A tissue culture system 
m enables tiie multipUcation and subsequent devdopment of the transformed cdls is also 
atf^important component of a successful genetic transfonnation protocol. 
»rc^A.method known as somatic embryogenesis is sometimes employed in the clonal 
prppagationtof certa^ conifers. Propagation by somatic embryogenesis refers to metiiods 
.^d^^biyos are produced invitro from small pieces of plant tissue or individual cdls. 

,^^^yire*efen^ to as somatic because tiiey are derived secondarily, from somatic 

^^^^^iatiierthandirectiyfromvtiiesexualproce^ 

"^^^^tti^^ ti«j (^abi% ttf capture tire gain^f highly desirable 

^^^Ks,tk«e.thesemediodsinay4,e^ity^ 
^^^^roducelai^numbers^oiplantsofindivi^^^ 



^^^^i&Sl^|854h«=spmati<^ was^demonstr^rte^in^coniftfe^and 
^^^^^^^P^rieS^^pm^nifer somatic en* Since^ 1^5. -conifer 
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embryogenesis systems capable of regenerating plants. The goal of much of this work is to 
develop conifer somatic embnrogenesis as an efficient propagation system for producmg 

clonal planting stock en masse. 

The two most economically important conifer genera are Picea (spruce) and Pinus 
(pine). Those working in conifer somatic embiyogenesis have found that there is a striking 
difference between Picea conifers and Pinus conifers as to the ease with which somatic 
embiyogenesis can be initiated and plants regenerated. In fact, when one measures the 
respective levels of achievement in the art of conifer somatic embnrogenesis among species 
of these two important genera, it is dear tiiat significantly more success has been obtained 
withP/c^ithanwithF/zms: Indeed, the recalcitrance ofembryogenic cultures of Pimis 
species is weU documented. This is especially tiue for pines commonly found in the , 
Kiutheastem United States (known in the industry as Southern yellow pmes). 
. . . .Neverthdess. researdiers working with Pinus species plants have recently achieved 
gbme important advances. For example. U. S. Patents Nos. 5.413.930. 5.491.090. 5.506.136, 
5»185, 5^731.191. 5.731.203, and 5.731.204 (whidi are hereby incorporated by 
r,^«^'disdosemuUi.step methods t^ 

^ryogenesis regenerative process, from explant collection to planting of somatic embryo 
^^;Rlantsf for historicaUy recaldtrant Southern yellow pines (i.el.-P/mtf toe^. Pinus 
^SiOfPiriuspdlustris, and Pinus elliottii), Pinus rigida, and hybrids thereof, 
^^^^st^pve^ndthe didiotomy exhibite^^^ 

^^^fctic embryogenesis also e«stsin.rt»eiidd of genetic engineering. , WhUe 
^^^BbtiiOrfe^ostablygeneticdlytran^ 
^^^^^fi^nweUow^pines-- have proven to be ext^ 
^''^^^^^he.rdativeieaseof^erieticttransforifnatioifeof^ • 

"^^^^glifers isievideri^ 



^^^^^.transfohnation^ih «)mWic!embiypg^nic:!grsten«j^ 
^^p^g|p^oiitiH»li^ellov^ -^'^'-^^ 
'''"^^^^fehaveiiwn«40J 



mi 
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1 

1 



\ genetic traiujformtions in P/cea conifers, histori^^^^ 

I reported in Pinus conifers, particularly Southern yellow pines, have, upon examination, been 
found to be transient transformations or transformation of tissue which was not subsequenUy 
rcgenerable into whole plants. WhUe transient, or non-integrative. transformation can be 
achieved easUy in many tissues and stages of Pimis embryo development, the abiUty to 
achieve stable transformation in a tissue capable of producing whole plants is the key to a 

successful gene transfer system. 

It has been found that a successful stable genetic transformation protocol is heavUy 
dependant on the employment of an eflBcient tissue culture system. Moreover, efficient 
tiuiie culture methods must be coordinated with gene transfer at a receptive stage of embryo 
development in order to achieve stable genetic transformations. The stage of development at 
1 liil transformation has been carried out in order to attain the regeneration of transgenic 
^ plants in Picea conifers in embiyogenic tissues initiated from cotyledonaiy embryos) 
^iM'pvc rise to embiyogenic tissues capable of regenerating whole plants in conifers of 
^^nus Pinus. Furthermore, in Picea coniffers embiyogenic tissues initiated from eartier 
itage embryos, such as pre-stage 3 somatic embiyos, have not given rise to transformed 
^^^im the methods taught by Ellis in U.S. Patent No. 5,681,730 for obtaining and 
^^Hy transforming somatic embryos in coniffers have not been ^ 
^^^iied to conifers. However, in the genus Pinus we have finind that 
^^^^ps can be successfiilly combined with a tissue culture syrtem to derive 
"*^^^^Se^^ pre-st^e 3^ sofnatib e zygotic embryos or 

"^^^|^contaihii«|rf^stiSe Semitic emb^^s Whidrare^fc^^ of 

. .......... „^^^^»i^1i^skiu^^i*^ 

^^^^^^li«oftra^fbrmati<mvnUufc^ 

'^^^^^^^SkM^^AMi^if^^. le^s^iH6Sitbrhais been shbwn^o be of 



, 1^^^^^^^,^^/^^^ (Ciipifii^ «6wcver. m 
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;Giiitol (i.e., levels greater than about 0.2 M) is detrimental to both growth and embryo 
Salvclopment. In Pinus radiata, a pretreatment with sorbitol increased transient expression of 
^i^ransgenc (Walter et ai 1994), but such a pre-treatmeni has not been taught for obtaining 
i^^lilblc expression and regeneration of transformed pine plants (Walter et al, 1997), perhaps 
l^j^cause such treatments can also be detrimental to the regeneration of pine plants. To 
iRddress these problems in the genus Pinus, we have developed a variety of preparation media 
i .for use before transformation and selection in pines. The use of the preparation media 
i fccilitated the recovery and development of stable genetically transformed embryos. 

Therefore, a need exists to provide a method of genetically 
1 engineering plants of the genus Pinus and Pinus interspecies hybrids. 
I A further need exists to provide a method for stably transforming 

I enibryogenic tissues of the genus and Pimisi 

I A further need exists to produce stably transformed embryos of the 

I genus Pinus and Pinus interspecies hybrids capable of further development into transgenic 

I plants. . 

i Yet another need exists to produce genetically engineered plants 

of the genus Pinus and Pinus interspecies hybrids. 



SUMMARY OF THE INVENTION 
The above needs are achievable via the use of the particle-mediated genetic 
transformation method which employs embryogenic tissues from plants of the genus Pinus 
and Pinus interspecies hybrids. This method involves the use of particle-mediated gene 
transfer with embryogenic tissues which are in a particular stage of development, namely 
pre-stage 3 somatic embryos, pre-stage 3 zygotic embryos, or somatic embryogenic tissue 
I contwning pre-stage 3 somatic embryos. It is preferred to accomplish this by employing a 
multi-step method which: a) prepares pre-stage 3 (i.e.. pre-cotyledonaiy) somatic embryos, 
pre-stage 3 zygotic embryos, and/or somatic embryogenic tissue containing pre-stage 3 
spmatic embryos as the receptive target tissue for gene transfer via culturing the target tissue 
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lion media, b) employs particle-mediated gene transfer to insert DNA into the 
and c) exposes the bombarded tissue to selection media in order to identify and 
transformed embiyogenic lines. Where desired, additional steps can be utUized to 
Bppreserve such lines and to develop the transfonned embiyogenic lines into plants. 
IWs method results in recovery of transgenic events through all stages of the 
Ipation process leading to the production of transgenic pine trees (even historicaUy 
^SJit Southern pines). This method also aUows the transfer of genetic material to 

^genic cultures that may be used to establish clonal plantations of pine trees that are 
lldieconomicaUy through expression ofthetransfen^ genetic material. This method 
persiits the development of transgenic embryos from embryogenic tissue which has 
tflryppreserved. 

Phe invention also encompasses the genetically transformed embryos produced via 
fertbodfand the transgeiuc plants derived therefrom. 



DESCRIPTION OF THE DRAWINGS 
l^^eiFigures represent genetic constructions (plasmid DNA) employed in the 
jllpjr Biolistic transformation of pine cell cultures. 
||Q.#A represems the plasmid pWVK49 which contains a synthetic gene consisting 
^^gromoter sequence, a coding sequence for the visual marker gene u/aA from 



^^^^^<^ti(i^and a^goie teniunatorsequence. 
^3|8|p cepresents-the plasmid pWVK54 which contains a synthetic gene consisting 
^^^^aart^ipmoter :Sequencej^a:Coding s selectiongene nptUHom 

^^^^^n^j^'a^^econdtgenettermuiat^ v-.^^i-; •.. 



^^^^tetu!S^mSoni& 
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Jre. mature and germinating embryos). Howeve^ pines have proven much more 
id than spruces in terms of the responsive embiyo development stage for somatic 
3>genic culture initiation. To be successful in pines, one must use only veiy immature 
§08 (or seeds containing such immature embryos). The size of the developing embryo. 
Jy measured as length, has frequenriy been used to determine the appropriate 
Jpmental stage for culture imtiation in many plant species. This has been the case with 
iuy pine v^ere it was found that the embryogenic culture initiation occurred most 
IcnUy when the dominant zygotic embryo was less than about 0.5 mm in length. 
.J Because it is difficuU to measure the size of very immature differentiated embryos, 
Jbryo staging systems have also been used to make the determination of the appropriate 
felopmental stage easier. These staging systems are based on several fiictors. inchiding 
Irious morphological characteristics of the embryo. An embryo staging system proposed by 
iHakman and von Arnold (1988), which is commonly utilized in the industry, has the 

three distinct stages. Stage 1 embryos are smaU differentiated embryos consistirig 
Uan^embryonic region of small, densely cytoplasmic region subtended by a suspensor 
icomprised^oflong. highly vacuolated ceUs. Stage 2 embryos are forther differentiated 
embryos^th* promment embryonic region that becomes more opaque and assumes a 
Ismooth and glossy surface. Stage 3 embryos are further differentiated embryos wWch show 
tvisibleicotyledonary primordia. Thus, stage 1 and 2 embryos are at a preK»tyl«lonary stage 
yk^^Qprnenti W^ stage S embryos are cotyledonary. As used herein.^ the^erm ^pfe- 
l^erribryo-^meam* differentiated pre-c^ 

to^i lAlAouglttheabove three-stageq^ With somatic embryos^ 

^Pitas^ent^iippUcable^ bcrthsorn^ zygoticemb^rcnro^^c^ 
^fthe present im^ention is a method for geneticaUy engineering conifers selected from 



^^Bicorisisting^of the genus^immand^Pmtoin^r^^ 




^^M^adng;S^ 
^^Ptis^iontaihin^ 

^Wlstai^i^r^e^^^ 



, , . - 
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Jing the target tissue by physically accelerating at the target tissue carrier 
Ses which are much smaller than the cells of the target tissue, the carrier 
ms carrying copies of a genetic constmction including at least one gene of 

long the bombarded target tissue to form proliferative tissue which is capable 
^brming somatic enibiyos; 

pring the step of inducing, culturing the bombarded target tissue on selection 
(i^him so as to select for embryogenic tissue which is transformed by the gene 
pjiinterest; ^ 

inducing transformed somatic embiyos to develop fix)m the selected embiyogenic 
©■■tissue and 

geiminating and converting the transformed somatic embryos thus produced into 
clonal transgeiuc conifer plants. 
|t has been found that the employment of preparation media greatly facilitates the 
^^^:and development of stable genetically transformed embiyos. It is, therefore, 
^^piat^he conifer target tissue be cultured under suitable environmental conditions on 
^ration media prior to be placed on the target surface for bombardment by the carrier 
^^^onnally for a period up to about 60 days). Ukewise, U is preferred that the 
^^^led target tissue be cultured on preparation media following insertion of the carrier 
^^^gtoperiodoftime sufficient to aUowtissuer^ 
^^i5the conifer4aiget tissue for carrier particle bombardment by culturing the^target 
^^^i#aration hiediai)rior4o bombarding the^isw^^^ 
^^E|sueWeI^on^media fo^ 



^^pi^fisiiMo^^ i 

fii^i^l^Siifib^ 6n?ailtureiifutiatidh -mediumscon^^ mm^m:. 

?■^ •■: • - , . ■ ■■/■. ■ ■ ■ • .-^ 
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iuxin, about 0.1 to about 1.0 mg/1 of cytokinin, up to about 100.0 mg/1 of 
^sic add, about 5.0 to about 100.0 g/1 of sugar, and a gelling agent selected 
3» the group consisting of about 2.5 to about 9.0 g/1 of agar, about 0.5 to about 
^/l of gellan gum, about 3.0 to about 10.0 g/1 of agarose, about 1 .5 to about 
1^ of AGARGEL, and combinations thereof for a suflficient amount of time 
suitable environmental conditions to grow an embryogenic tissue culture 
^niaining pre-stage 3 somatic embryos; 

Jiang target tissue from the embiyogenic tissue culture on a target surface, 
,^rein;the placed target tissue is selected from the group consisting of 
^^ppogenic tissue containirig pre-stage 3 somatic embryos, pre-stage 3 somatic 
i^b^s, and combinations thereof, 

^ibarding the target tissue by physically accelerating at the target tissue carrier 
*iScl^^ch are much smaller than the ceUs of the target tissue, the carrier 
l^cles 'canying copies of a genetic construction including at least one gene of 



m... - 



J^sfwTwgithe bombarded target tissue to selection medium so as to select for 
.. i^ryogenic tissue which is transformed by the gene of interest; 
Ig^^^ingthe transformed embryogenic tissue to embryo devdopmem medmm 
^^^pigtaiSuflBdent amount of inorganic and organic nutrients, about 5.0 mg/1 
'^^BaOOiCMng/l.of absdsic add with the cominued maimenance of the^ 
^^^d^concentration, up to about 10.0 g/1 of activated carbon, about 20.0 to 
^""^^^^^^bo^sugar; and a gellin^agem selected from?the group consistirig of 
^^^SiBbout lt.Q:g/N)f agaiiabout 1.75 to about4:0(g/lof gellan gum, 
.^^^Sijbu^fOsg/l;df;agarosft!«bouti3;5 to about6.0cg/l^o^AGAIM^ 
^^^^^^sthereo^Nfof avsufiBctent4ime;underiimitableienvii*^^ 
IMii^^MeNacjprtramgeniiK^e^^ 

i^S^Beitiinsgenic stage 3 somatic irhbryos fix>m the deyelopment?niedium 



A. 



^ffiiilpi8ingi!&»e embr^^ 
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high relative humidity for a .peiiod of about 2 to about 5 weeks; 
^rting the partially dried transgenic embryos to germination medium 
^rung a su£Bcient amount of oigaiuc and inoigaiuc nutrients, up to about 
of activated carbon, about 20.0 to about 40.0 g/1 of sugar, and a gelliqg 
selected from the group consisting of 6.0 to 9.0 g/1 of agar, 1.75 to 3.50 g/1 
^ Man gum. 6.0 to 8.0 g/1 of agarose, 3.5 to 5.0 g/1 of AGARGEL, and 
^binations thereof for a sufficient time under suitable en>aronmental condi- 
tio germinate the partially dried transgenic embryos; 
inverting the germinated transgenic embryos into acclimatized transgenic 
^nifer plants; and 

^ddiplanting the acclimatized transgenic conifer plants. 
I^jfther preferred method for genetically engineering conifers selected from the 
^^jping^ of the Pinus and Pinus interspecies hybrids comprises: 
fly .placing conifer target tissue selected from the group consisting of pre-stage 3 
^otic embiyos, tissues extruded iGrom inmiature m^agameophytes wtuch 
# ::: ^contain pre-stage 3 zygotic embryos, and combinations thereof, on a target 
Itu^ce; 

S)*^ target tissue by physically accelerating at the target tissue carrier 



mmm^ 



Ip^rticles which are much smaller than the cells of the target tissue, the carrier 
^^^i?i^tidM carrying copies of a genetic construction including at least one -gene of 

^^^^i|t*MsfeiTing the bombarded ta^ select for 



tissuewhich is^transfprmed'by^the geneof qitoie^ 




^^^^P^^rring^he ti^formed *nM)iyogenic tissuestOiembiyo%vdQpm«it^medium 

^^^^pMitaningiaisuflBa(en!^^^ 

^^^^^l&ii^adddbnMntrati^ ^lofMvatedi^sa^^ 



rahd^kf^elili^ agirat^s^e^ 

m 



mi 
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^,^6.0 to about 12.0 g/1 of agar, about 1.75 to about 4.0 gA of gellan gum, 
^i.6.0 to about 8.0 g/1 of agarose, about 3.5 to about 6.0 g/1 of AGARGEL, 

lombinations thereof for a sufficient time under suitable environmental 
iniitions to develop transgmc stage 3 somatic embiyos; 
^^ting the transgenic stage 3 somatic embryos from the development medium 
^ftartially drying the embryos by exposing the embiyos to an atmosphere 

r|ng a high relative humidity for a period of about 2 to about 5 weeks; 
^iferring the partially dried transgenic embryos to germination medium 
^auiiiw a sufficient amount of organic and inorganic nutrients, up to about 
iBg/kof activated carbon, about 20.0 to about 40.0 g/i of sugar, and a gelling 
^^isdected from the group consisting of 6.0 to 9.0 g/1 of agar, 1.75 to 3.50 g/1 
^lUansgum, 6.0 to 8.0 g/I of agarose, 3.5 to 5.0 g/1 of AGARGEL, and 
^jpiiiations thereof for a sufficient time under suitable environmental condi- 
[f oMitQsgenninate the partially dried transgenic embryos; 
i^^eiting the germinated transgenic embryos into accHmatized transgenic 
^^iueriplant^ and 

^iilanting the acclimatized transgenic conifer plants. 
^^S^s^are generaUy appHcable to tissue obtaiiied from the Pinus species 
^^piimited to.thefoUowing: Ptoiis toetto OoWolly pine), /» «/ftbll« (slash 
^^^dpngleaf pine), serotina (pon6 pine), ^ ec/iinofc^(shortleaf pine), A 
j^K^l^gtoAw (spruce pine), P.vr^^ pine)^7?^?cc/Mnato (shortleaf 
^^^^impi^i^P-r^ .sv/ve5lm.(Scotch pine), >/?! w 

)^^^mmmt)fByJe^^ P- 
^^^^^^ine)^ ^iynon(/a>fe^^s^ P»ne), 
^^^^pn!ijH»e)i^/^vwS^ 
"^^^^southWiestCTKwh^ 



mi 



Case Docket No. FSL 96-1 



^ pine), P. tecummanii (Tecun Uman pine). P. maximinoi, P. oocarpa 
I chiapemis (Mexican White pine). In addition, the current invention is 
Ifcable to interspecies hybrids of the above mentioned pines including Pinus 
P. serotim x P. taeda, and reciprocal crosses, 
^fbned to utilize the present methods wUh Southern yeUow pines, Pinus rigida, 
land hybrids thereof Those skUIed in the art recognize that several species of 
|s to the Southeastern United States are closely related and hybridize naturaUy. 
Isthis group of pines is referred to as "Southern yeUow pines" and includes 
^j^erotina, P. p(dustris, aad P. eUiottii. 

Itissues which are suitable for use in the present methods as target tissues for 
^e*ombardment consist of embryogenic tissues containing pre-stage 3 somatic 
|||-stage 3 somatic embryos, pre-stage 3 zygotic embiyos. and combinations 
Sitable somatic embiyogenic tissues contain pre-stage 3 somatic embryos having 
|Sith;a prominent embryonic region subtended by elongated suspensor cells, or pre- 
j^fttic embiyos obtained from these cultures. As used herein, the term "pre-stage 3 
Sbiyor means a diflferentiated somatic embiyo which is at a pre-cotyledonaiy stage 
J^ent: That is. the embryo is continuing to d^ifferentiate. but cotyledonal primordia 
""^outwardly visible. likewise, tiie term ^pre-stage 3 zygotic en^^ 

zygotic embryo which is at such a pre-cotyledonary stage of development. 
Sire^desiredi zygotic embryos which are suitable for use in the present invention 
^^^ced l^isolatingthepre-stage3 zygotic embiyosirom immature seeds, 
"^^^wly^octnided pie^stage 3<zygotic embryos^m.recentiy cultured immature 
^^^5OTifloyed:as4taig«st^issuefongeneti<^trOT^ 
^^^Icpntain immature zygotic;embiyos ati*^ 
"^^^^Sgets forgenetic^transformatiop 

^^^gag^eopl^es whidi cohtaittpre-stage 3jzygotic^^^ 
.^^^^iSiaixl^d^afget tissue injordet 

-^^m^i.r- • . 12 . 
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liclection of embryogenic tissue cells which has been transformed by the gene of 
p4edia which are suitable for cuhuring the bombarded target tissue include the 
n media taught herein, and the like, 
^propriate somatic embryogenic tissues can be produced by placing a suitable 
ifnutrient-containing culture media for a sufficient amount of time under suitable 
pnta] conditions to develop a culture containing somatic embryogenic tissue and/or 
p3^somatic embryos. 

Implants which are suitable for use in the present methods include immature zygotic 
>pmegagametophytes containing immature ^gotic embryos, and the like. 
|t% preferred that the somatic embryogenic tissues be produced by first initiating 
\lpx}vrih via placing a suitable explant on culture initiation medium containing a 
l^pnt amount of inorganic and organic nutrients, about 0.1 to about 5.0 mg/1 of auxin, 
i}.l to about 1.0 mg/1 of cytokinin, up to about 100,0 mg/I of abscisic acid, about 5.0 to 
i||pw»v 100^0 g/1 of sugar, and a level of gelling agent selected from the group consisting of 

to about 9.0 g/1 of agar, about 0.5 to about 4.0 g/1 of gellan gum, about 3.0 to about 
^iil^^of^agarose, about 1.5 to about 5.0 g/1 of AGARGEL, and combinations thereof for a 
l^ent'amount of time (normally about 2 to 14 weeks) under suitable en\dronmental con- 
M^plgrow a somatic embryogenic culture contairung somatic embryogenic tissue and/or 

;e/3^somatic embryos. 
Q^^lars^which are suitable for use in the present methods include, but are not limited 



Sfl^l^^ maltose, sucrose, and combinations thereof 

'Iwiicfe^esired, one may culture the embryogenic tissue culture and/or pre-stage 3 
i^^^^0^by^transferring the somatic embryogeruc culture from the culture irutiation 



^^^t^^iiltit^nteintenance medium containing a suflident amount of inorganic and 
IS^ei^pd^ 0.1^ to about 5 0 mg/I of auxin; about O^tCi about \:Qmg^ of 
^^^flSilKSut 1 00:^ up to about 10:0 g/1 of activated ^»rbon, 

^^^p^^6ut^40;0 g/1 of sugar, for a sufficient time under suitable eiivironmental'- 



jns^t|iMov^ 



mm 
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Where desired, one may culture the bombarded target tissue on culture maintenance 
containing a sufficient amount of inorganic and organic nutrients, about 0.1 to about 
{/I of auxin, about 0.1 to about 1.0 mg/1 of cytokinin, up to about 100.0 mg/1 of abscisic 
up to about 10.0 g/1 of activated carbon, and about 10.0 to about 40.0 g/1 of sugar for a 
ent time under suitable environmental conditions to grow the bombarded target tissue. 
Where desired, one may culture the transformed embiyogenic tissue on culture 
Inance media containing a sufficient amount of inorganic and organic nutrients, about 
pbout 5.0 mg/1 of auxin, about 0.1 to about 1.0 mg/1 of cytokinin, up to about 100.0 
|^absd»c add, up to about 10.0 g/1 of activated carbon, and about 10.0 to about 40.0 
^Mgar for a suffident time under suitable environmental conditions to grow the 
iFined embryogenic tissue. . 

Where desired, the culture maintenance media may further contun a gelling agoit 
l^ifromthe group consisting of about 6.0 to about 9.0 g/1 of agar, about 1.75 to about 
l^ellan gum, about 6.0 to about 8.0 g/1 of agarose, about 3.5 to about 5.0 g/1 of 
^^^El^ and combinations thereof 

desired, the embryogenic tissue culture from the culture initiation medium 
^^^Itiired on embryo development medium containing a sufficient amount of inorgamc 
l^i^c nutrients, about 5.0 mg/1 to about 300.0 mg/1 of abscisic acid with the continued 
|6^of the abscisic add concentration, up to about 10.0 g/1 of activated carbon, 
^o^ut 70;0^ of sugar, and a gelling agent sdected<from the groUp consisting 
P^sfo about 12.0 g/1 of agar^ about 1.75 to about 4;:0 g/1 ofgellan gum, about 6:0 to 
^^inoSagarose^ about 3 to about 6:0 g/l^of AGARGH^ and combinatte 
^Intitime underiihiitable enviroiunent^^ 

priferred?tb:ciil<uire^t^^^ 
^^Ipi^iaratiOnjmedtotpiSo the"bbmbardmerit^of^he?tisiaife%4^^ 



^^aemo^prepare the tis^ culture the 



i^^et^tissue iihdef^ 

V4 



Case Docket No. FSL 96-1 



Iransferring the bombarded tissue to selection media in order to facilitate tissue recovery 
rthe bombardment. It is more preferred to both culture the target tissue on preparation 
lia prior to bombarding the tissue, and to culture the bombarded tissue on preparation 
pia following the carrier particle bombardment. 

^1 Preparation media suitable for use in the present methods contiun sufBcioit inorganic 
[forganic nutrients, up to about 5.0 mg/1 of auxin, up to about 1.0 mg/I of cytokinin, up to 
^^150.0 mg/1 of abscisic acid, about 10.0 to about 120.0 g/1 of sugar, and up to about 
lifll^df oiganic alcohol. When such liquid preparation media are employed, it is necessary 
if^jsperse the target tissue on a target surftce (i.e., a solid support or a gelled medium) to 
f^partides to be accelerated toward it. Normally tWs dispersion occurs about 1 to 72 
|re prior to partide bombardment. 

^*«Where desired, the preparation medium may further contain a gdling agent selected 
^fcth6 group consisting of about 6.0 to about 9.0 g/1 of agar, about 1.75 to about 5.0 g/I of 
i"^m, about 6.0 to about 8.0 g/1 of agarose, about 3.5 to about 5.0 g/1 of AGARGEL, 
^iiibinations thereof 

©^ahic alcohols which are suitable for use in the present method include, but are not 
Bfeto^ the following: glycerol, mahnitol, sorbitol, polyethylene glycol, and comb'mations 



mmt-. 



G^e transfer is carried out via partide-mediated transfer in -whidi a DNA gen^c 
_ jiti&h cdntaiiung atleast onegene of interest is predpitated onto the surfece of a 
^^^^<aei(micropiartide) and accderated toward the conifer target tissue. If desired, 
^^^Jgstage^ «6matic embiyos^tndAw i^^^ jpre-^stage 3 zygotic embryos can be 
.^^l^ilgePtissufe.! ThiB^cbnunbn^procedures^^ 

^M^o'l6tskined:iriitKeryt'brgehe^^^ by U*Sj Pateiit^<^« 

^^^^i^rdlfe^^P(\^dj iis'herdiyan^ «o 
^^^p^n\feh^iapparjft0s^fbrJth^^ 



itf^wJfieSNAkeh^^ 
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larget tissue may be submitted to selective pressure to inhibit the growth of any 
Igcnic (i.e., non-transformed) cells. As used herein, a selection gene is defined as a 
^se activity allows cells to grow well in a selection culture medium only if the cells 
jiporated the gene, while ceUs which have not incorporated the gene grow more 
^o.J»ot grow, or are kiUed. Culture selection media which are suitable for use in the 
^nethod incorporate a toxin to which the selection gene confers resistance, or are 
^ such that a component necessary for growth of cells is absent and must be 
id by the cells that have incorporated the selection gene, or are composed such that a 
^le^ necessary for growth is present in a form which can only be taken up or 
llized by cells which have incorporated the selection gene. 
I^IV selection medium suitable for use in the present method contains a sufficient 
;,of p»«anic and inorganic nutrients, a selection agent at a concentration which is toxic 
ll^transformed ceUs but for which the gene of interest confers resistance to transformed 
Jpstp about 5.0 mg/1 of auxin, up to about 1 .0 mg/1 of cytokinin, up to about 30.0 mg/1 
lidsic add, and up to about 60.0 g/l of sugar. 

,4«.if^pAer selection medium suitable for use in the presem method contains a sufficient 
^^^^Qjganic and inorganic nutrients, up to aboirt 5.0 mg/\ of auxin, up to about 1.0 
°^^^h#!rin..up to about 30.0 mg/l of absdsic add, up to about 60.0 g/1 of sugar, and 
tiie seWon medium lacks a component necessary for the growth of non- 
.. ^jj^ but for which tiie gene of interest cpnfws to transformed cells the ^Uity to 



^^ll^liaddng component. 



^^Sher sdection medium suitable for use in ttie present metiipd contain a sufficient 
^^^a^i^ and inoigaiMC^ "P to about 1 .0 



^^m^p^j^CHit 3^.ing^iqff*!sgsw a^Su^.Q€^#ajgari:^u4. 
^^Kection,medium contains anownponeiit^iqpea^i^^ a 

""^hM^^iJtil^ 



^^Bihsformed^dls tiie abiUl^to utilii^^ 
^^^^grtipnpedhp su 



^^^^^ " 
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pf organic and inorganic nutrients, up to about 5.0 mgA of auxin, up to about 1.0 
^okinin. up to about 30.0 mgH of abscisic acid, up to about 60.0 of sugar, and 
§the selection medium allows preferential growth of transformed cells containing the 
llhterest. 

Ivhere desired, the selection medium may further contain a geUing agent selected 
I group consisting of about 6.0 to about 9.0 g/1 of agar, about 1.75 to about 4.0 g/l of 
^m, about 6.0 to about 8.0 gA of agarose, about 3.5 to about 5.0 g/l of AGARGEL, 
^ibinations tiiereof. 

pt«s preferred to transfer tiie transformed embryogenic tissue to embryo development 
^containing a sufficient amount of inorganic and organic nutrients, about 5.0 mgA to 
J)0s0fmg/1 of absdsic acid wiA tiie cortinued maimenance of the absd^^ 
Mn&oa, up to about 10.0 g/l of activated carbon, about 20.0 to about 70.0 gA of sugar. 
^Ung agent selected from tiie group consisting of about 6.0 to about 12.0 g/l of agar. 
*^pto about 4.0 g/l of gellan gum, about 6.0 to about 8.0 g/l of agarose, about 3.5 to 
,^^gfl.of AGARGEL. and combinations thereof; for a sufficient time under suitable 
^Sntid conditions to develop transgenic stage 3 somatic embryos; 
^fcistfiiither prderred to add up to about 100.0 g/l of polyethylene glycol to the 
^pydopmem medhim; and to subsequenriy transfer the transgenic stage 3 cmbn^ 

^^^jSbryo developmert mediums a second developmem medium cont^ 
^^^ountJof inorganic and organic mitrients, about 5:0 mg/lto.about 300.0 mg/l of 
^^^^dthitiie continued maintenance of tije abscisic acid concenttation, up to about 
^^^Biyat#caitoniup:to about ilOOiO gA of polyeUiylene glycol. and^about:20cO to 
^^^#sugar, for a sufficient time under suUable environmental conditions to 
^^Jpfctransgeni(^stage:3.s^ 
^^^^^eferred>toIaddvof#to^^6ut^^^ 
^^^p^i^^rnMium-candno subsequeritiy^transfta^heithms^^ 
^^^^paSlopmwit^mediumtd^^ 
^^^K&iibrganicand oi^c nutrierits. u^ about 100.0 liigA^psf^?^^ 



E^^S^vSi•.-.••• 
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fcontinued maintenance of the abscisic acid concentration, up to about 10.0 g/l of 
1 carbon, up to about 100.0 g/l of polyethylene glycol, and about 20.0 to about 70.0 
^gar, for a period of about 2 to about 12 weeks at a temperature in the range of about 
Bfabout lO'C under suitable environmental conditions to maintain the viability of the 
|ic stage 3 somatic embryos prior to partially drying the embryos. 
Irhetransgenic stage 3 somatic embryos are subsequently separated from the 
^nent medium and are partially dried. It is preferred that the transgenic stage 3 
^ibe partiaUy dried or dehydrated via exposure to an atmosphere having a high 
^midity for a period of about 2 to 5 weeks. The amount of moisture to be removed 
^lOi^epends upon several factors, including the genotype of the embryo, the culture 
lised, and the storage products contained in the embryo. It is weU within the ability 
Ifldiaftisan to determine the optimum moisture loss necessary to prepare each enibryo 
adoii. 

^ihere desired, the partially dried transgenic somatic embryos may be transfbrred to 

ition medium. It is preferred that the germination medium contain a sufficient 
_^^^c and inorganic nutrients, up to about 10.0 g/l of activated carbon, about 
^^)ut#0i0«/l of sugar, and a geUing agent selected firom the group consisting of 
^^feibout 9.0 g/l of agar, about 1 .75 to about 4.00 g/l of gcUan gum, about 6.0 to 
II Jl^iofiagarose. about 3.5 to about 5.0 g/I of AGARGEL, and combinations ther«o^ 
^^^^Itimeundersuitable environmental conditions<o germinate the partially dried 
^^^^QSi^ The germinated transgenic embryos are subsequently converted^into 
^^^^iSgenic conifer plants andvplanted in soilor simUar^media fbi^glasshousc or 

"*^B^ired, the target tissues, bombarded target tissues, and selected embryogcnic 

^^^Pij^fved*(n0nnally*tliteiuse <^ a 
^^^fcjIto^insureiagaihstJoss^oftcultunBi^ ConMinafiontlloss of 

^^^^||tb culture aging, or; other deieterious=changes5that inay:occur^uring loiig- 
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number of terms are known to have differing meanings when used in the literature. 
0wing definitions are believed to be the ones most generally used in the field of 
|nd are conastent with the usage of the terms in the present specification. 
•Conversion" refers to the acclimatization process that in vitro derived germinating 
embryos undergo in order to survive ex vitro (nonaxenic) conditions, and subsequent 
Id growth under ex vitro conditions. 
JCiyopreservation" is the storage of living cells at ultra-low (cryogenic) 
itures, usually in liquid nitrogen (-196°C) or in its vapor phase (about -ISO'C). 
^nibiyo development" is the step in the somatic embryogenesis process v^^here the 
|nd/or environmental conditions are changed causing the embryogenic culture to 
lloin a prolifisrative phase of grov»^h to a phase where somatic embryos develop to a 
^ere they are ready to harvest. In coiufisrs the harvestable stj^e is typically stage 3 
ll^having cotyledons. 

I^mbryo) gemunation" is the emergence of the radicle or root fi-om the embryo. 



ffidd planting^" is the establishment of laboratory, greenhouse, nursery, or sinular 
i^anUng stodc under field conditions. 

i^initiatipn" is the initial cellular proliferation or morphogenic development that 
^{^y^results m the estabUshment of a culture fipom w explan^^ 

%if (liiquid) Suspension Culture" is a culture compos^ of^cells and embryos 
^^^iijaliquid medium, usually agitated on a gyrotory shaker. An embryogenic 
^SiK?«lt«re;in usually composed of both cells and early stage somatic 

M|laih:^rformed;suspensor;<»lls and dense cytoplasmichead cdlss that floatAeely 



^Bhtfehance"4s the^step, m^chicultui«s?are g^^ h- 
l|^ftSI*M«iby^equenti4 sf^^ regular intervals after the 

Cultures are ^wn and mmntained as embiyogehic tissub on a gelled 
''i^^iinia Uiquid med 
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|pre-stage 3 embryos" are diflferentiated pre-cotyledonary embryos (i.e.. Stage 1 or 
^mbryos). 

ISelected (embryogenic) tissue" is tissue which has been cultured on selection 
bo as to select for transgenic tissue (i.e., tissue which has been genetically 



"selection gene" is a gene whose activity allows cells to grow well in a selection 
medium only if the cells have incorporated the gene, while cells which have not 
ifated the gene grow more slowly, do not grow, or are killed. 
g%k~"selection medium" is a tissue culture medium which: 1) mcorporates a toxin to 
l^selection gene confers resistance to transformed cells, 2) is composed such that a 
j|tot necessary for growth of cells is absent and must be provided by transformed cells 
^^incorporated a selection gene, 3) is composed such that a component necessary for 
^is^resent in a form which can only be taken up or metabolized by transformed cells 
^fcyfe incorporated a selection gene, and^r 4) is composed such to allow preferential 
|bf transformed cells that have incorporated the selection gene. 
IStage 1 embiyos" are small differentiated embryos consisting of an embryonic 
Ion ttf sniall, densely cytoplasmic region subtended by a suspensor comprised of long, 
l^^yacublated cells. 

|*Stage 2 embiyos" are forther differentiated embiyos with a prominent embryonic 
ife&t%ecomes more opaque and assumes a smooth and glossy surface. 
^^^^^ei3;embryos- are farther differentiated embryos which show visible 

^^^^^^l^primorcBa; ' 



_^^^e^ tissue'^ is tissue to be subjected to bombardment by carrier particles Carrying 

^^^^^^b^riStnictibfc^ : -a 

^^^MBnoWiii^ejcamiiles^are^ pr6vided^tb^ fartherillustr«e 4^^^ 
^^^^||;<ponstrued as limiting the invention in any manner. 
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This example teaches a method for genetically engineering conifers. In particular, 
example teaches a method which includes the steps of pretreatment of cmbryogenic 
[tures with preparation medium, gene transfer via particle bombardment, recoveiy, and 
ion of transgenic embiyogenic tissues on selection agent to produce stably transformed 
^ryos and, subsequentiy, geneticaUy engineered hybrid pine {Pirns rigida x P. taeda) 
The use of preparation medium in tiiis example was demonstrated to greatly increase 
jjfrequency of recoveiy of transformed material. 

Immature seed cones were collected from several different hybrid {Pinus rigida x P. 
p'me sources located in Westvaco's South Carolina coastal breeding orchards near 
leston. South CaroUna. The seed cones were collected when the dominant zygotic 

was at the precotyledonaiy stage of development U«ng the classification system of 
Arnold and Hakman (1988), the dominant zygotic embryo at this stage is referred to as 
at stage 2; tiial is. an embiyo witfi a prominent embryonic region wUh a smootfi and 
Jpssy surface, subtended by elongated suspensor cells which are highly vacuolated. 
Soweve^ zygotic embiyos at an eariier stage of developmem (stage 1) may also be used 
^^ectivdy to imtiate onbryogemc cultures. 

jl Seed cones were harvested firom selected treesl placed in plastic bags and stored at 4* 
^imtil used for culture initiation. Where tiie cones were stored for more than two weeks at 
^i tiiey were aired and dried out v^reekly (placed at 23'C. ambiem laborat^ 



fetwo to three hours) to prevent growtii of fungi on ttie surfece of the cones and 
^^l^tant deterioration of seed quality. 

r For culture initiation, intact seeds removed from seed cones were surface steriHzed by 
^^^fent in a 10 to 20% commercial bleach solution (equivalent of a 0.525% to 1.050% 
^^Bhypochloritc sohition) for 1 5 mimites foUowed by three sterile water rinses (each of 
^^£ites duration). Seeds were continuously stirred during tiie sterilization and rinsing 

proe^:.. 

^^^legagametophytes containing developing zygotic embryos were used as tiie explant 
initiation. The seed coats of individual swis. were crapke^^ qpen wi^er a lanai^ 
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y hood with the use of a sterile hemostat. The intact megagametophyte (which contains 
* developing zygotic embryos) was removed from the opened seed coat with forceps, 
jsues attached to the megagametophyte. such as the megagametophyte membrane and the 
leUus, were removed from the megagametophyte and discarded. The megagametophyte 
placed on culture medium Oongitudmal axis of megagametophyte parallel to the suifece 
lulture medium) with forceps. The micropyle end of the megagametophyte vns placed in 
i^ntact with (but not submerged in) the culture medium. 

The present method is not limited to any single basal culture nutrient medium 
Imilation. For example, three common basal culture media foiimulations which are 
liable for use in the present method are listed in Table I below . However,itshouldbe 

ierstood that any nutrient media commonly used in Pinus somatic embiyogenesis wiU be 
■Stable for use vdth this method. 



j 
'4 



Case Docket No. FSL 96-1 



TABLE I 
pflMl Culture M^'^ia Formulations 



COMPONENT 


OCR 1 


WV5 1 


MSG 


INORGANIC SALTS 


CONCENTRATION,! 


ng/1 


NH,NO, 


400.00 


700.00 


0 


KNO, 


340.00 


259.00 


100.00 


Ca(N0^4H,0 


SS6.00 


963.00 


0 


MgSOJHjO 


370.00 


1850.00 


370.00 


KH,P04 


170.00 


270.00 


170.00 


NH4HJPO4 


0 


0 


0 


CaCls'ZHjO 


85.00 


0 


440.00 


Ka 


0 


1327.00 


745.00 


KI 


0.83 


0.83 


0.83 


H,BO, 


6.20 


31.00 


6.20 


MnSOvHjO 


22.30 


15.16 


16.90 


ZiiS047HaO 


8.60 


8.60 


8.60 


NaiMo04-2H,0 


0.25 


0.25 


0.25 


CuSO/SHjO 


0.25 


0.25 


0.03 


CoCl,«l,0 


0.03 


0.03 


0.03 


lsriCl,-6H,0 


0.03 


0 


0 


FcSbvTHjO 


27.80 


27.80 


27.80 


Na^TA 


'37i30^ 


37.30 


37.30 


mAl^S. AMINO ACIDS 








Niootmicidd'!':^'- ■;••-';.■-•:;■ •/.<.■..:: 


b 0;50.r 


■ i.rA!:vyj.0i50>. 


V 0.50 


. Pyridoxine-HCl .. 


A50 


. . 0.50 


0.10 


Thiamine HCl . . 


1.00 


1.00 


0.10 




2.00 

C ■^.'-'-1' '-^ ? -K-t A*'. 


2.00 


'0"""" 
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TABLED 

Tnitiation. Maintenance and Pfi^panitinn Media FormuUtiOPS 



COMPONENT 


Semi-Solid 
Initiation 
Mecfium 
OCR, 


Scmi<Solid 
Initiatka 
Medium 
WV5, 


Semi-Solid 
Maintenanoe 
Medium 
DCR, 


Liquid 
Maintenance 
Medium 
DCR| 


Semi-Solid 
Preparatioo 
Medium 


Basal medium* 


DCR 


WV5 


DCR 


DCR 


DCR 




CONCENTRATION (gA> 








0.50 


0.50 


0.50 


0.50 


0.50 


Casein hydroly«a!e 


0.50 


0.50 


0.50 


0.50 


0.50 




0.35 


0 


0.25 


0.25 


0.25 




30.00 


0 


30.00 


30.00 


0 


Mahose 


0 


30.00 


0 


0 


30.00 


PolYcthvlenc Rlycot 


0 


0 


0 


0 


70.00 


OELRTTE* 


1.5 


1.5-2.0 


2.00 


0 


2.00 




0 


0 


0 


0.5 


0 




CONCENTRATION (ma/n 








3.00 


1.0-3.0 


3.00 


3.00 


3M 




0.50 


0.50 


0.50 


0.50 


0.50 


fth^AieArid 




\m 


0 


0 


ft 



a) Refer to Table I for composition of basal medium. 

b) GELRTTE (gellan gum manufacttired by Merck, Inc.) 

c) 2,4-dichlorophenoxyacetic acid (2.4-D) or naphthalene acetic acid (NAA). 

d) N*-benzylaminopurine (BAP) or N*-benzyUidenine (B A). 

The pH of the medium was adjusted to 5.8 with KOH and HCl prior to autodaving at 
I Id kPa (16 psi) and 121 'C for 20 minutes. Aqueous stock solutions of L-glutamine were 
filter sterilized and added to warm (about 60'C) medium prior to pouring the medium into 
culture dishes. Approximately 20 ml of medium was poured into each 100 x 15 mm sterile 



I 
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'cpetridish. 

Embryogemc tissue cultures from the hybrid pine sources were initiated on senu- 
d DCRi initiation medium (Table II). The dishes were incubated in the dark at a constant 
perature of 23*'C. After about seven to 21 days, embryogenic tissue extruded from the 
ppyle of the megagametophyte explants. After about 28 days in culture embryogenic 
e was removed from responsive megagametophyte explants and moved to a new position 
|he same culture dish, or the embryogenic tissue was transferred to a new culture dish 
ntaining the same culture medium as used for initiation. Each individual culture derived 
an individual megagametophyte explant was kept separate and assigned a cell line 
icationcode. 

Once cultures were extruded and subcultured, they were maintained on DCR|. After 
1^22 months on this semi*solid maintenance medium, the tissue cultures were placed in 
.2 liquid maintenance medium containing activated carbon (Table U). These were 
itained by subculturing to fresh DCRj liquid medium every one to two weeks. 
w prepare for gene transfer, a sterile fabric support (here NITEX, conunercially 

^railable from Sefru* Inc.) was placed m a sterile Buchner fiinnel and one to five nuUiliters of 
firnbiyogenic suspension was pipetted onto the fabric support such that the embryogenic 
issue was evenly distributed over the surface. The liquid medium was suctioned from the 
]||sues using a mild vacuum. The fabric support with embryogenic tissue was removed from 
|ie Buchner ftinnel and placed on a GELRTTE solidified DCR3 preparation medium (Table 
in 100 X 25 mm plastic petri dishes. Dishes were incubated in a dark growth chamber at 
""C for about 24 hours. 

DNA (genetic construction) was transferred into the tissues aijd/or embryos >aa 
iurier particle (microprqjectile) bombardment technology (also known in the industiy as 

iiolistics) using the PDS-lOOO/He BIOLISTIC Particle Delivery System (available from 

W ' 

fiip-Rad Laboratories), which is a preferred method for delivery. The DNAs of interest, here 
Ulasmids pWVK49 (Figure 1 A below) containing the visual marker gene uidA and pWVKS4 
|Figuie IB below) containing the selection.gene /i/'/II, were simultaneously precipitated onto 

25 



Case Docket No. FSL 96-1 



I ,„rfice of gold nicropartides. whi* were subse,u«.tly accelerated toward the pre-stage 
inbryogenio tissue described above, to peoetratethecdl walls. Once inside the celU. 
U is rdeased ftom the carrier p»ticles mi imegnited nmdonUy into the chromosomes. 
% DNA used in this «ul subs«,uent e«mples c». be s»bstitul«l with m s«i«ble DNA 

The gold microcarriers used were 0.6 to 1 .6 pm in diameter »»i were prepare! m 50 

1 diauot. of 60 mg/ml gold suspended in st«ae water, five pi of each plasmid. pWVK49 (1 
L,ul) mi PWVK54 (1 pg/pl). 50 pi 2.5 M Caa, «Kl 20 pi 0. IM spennidine (free base)^ 
Ihembcur. was von«.«>fcrthr.. minutes. ce«trill.g«i at 10.000 rpmfor .0 seconds a«^ 
Ihesupematam was removed: The microcamers were washed with 250 pi of 70% «h«K.l. 
Ibriefly von«ced mi centri&ged. After removal of the »pen«.«« the mic™c«riers were 
■.suspended in 65 pi 100%eU«nol. AUquotsoffive pi were dUpensed onto the center of the 

macfocarriers and air dried. 

In the PDS-lOOWHe Biolistic device the gap between the rupture disk and the 

....crocanier (gap distance) wasfivemm^uJ the mactocarriertravddist^^ 

The petri dishes with the ftbric support «Kl embryonic tissues were then ptaced mto 
the interior of the PDS 1000«e BioUsfic device mi vacuum apptted to a levd of 28 inches 
Hg The gold particles amying the DNA we« accelerated toward the emb.yogenict«»ue 

followi«g.hettumbuild.upa«dburstingregulatedbyal550psin.pturedisk. FoUowmg 
DNA tnmsfer the Petri dishes comaining the febric suppon and tissues were i«c»b«ed m a 

aark growth chamber at 23 •€ for about 24 ioMTS. 

The tissues and ftbric suppon were transferred to soni-soUd maintenance medium. 
DCR crablell) to recover ftom canier particle bombardment and iiKub««li« a dark 

growth chamber « 23-C for a period of about seven days. Th* tissue, and ftbric suppon 
^ transfe,r«l to a selection medium. s«ni-solid mainlenam»> medium DCR. contammg a 
tevdofselectk^agenttaWbitotytothegrowlhofnon-lnmsformedcells. Inth.s«ul 
.«te«ment»«nplestheselectionagentusedw.sGENEnClNatl5mgfl. The plates were 
to.^inad»kg««th chamber at 23-C for about sbt to n«lve weeks with the ftbnc 
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^rts containing the tissues being transferred to the same fresh cuhure medium eveiy 
'weeks. 

Active growth on the selection medium occurred in a number of isolated sectors on 
J of the petri dishes. Such active growth in the presence of selection agent is an 
Ition that the growing tissues have integrated the selection gene into their chromosomes 
Ire stably transfonned. These areas of active growth were treated as i^^^ 
Jbrmation events and are henceforth referred to as sublines. The transgenic 
lyogcnic tissue was multipUed by transferring growing transgenic sectors to fresh semi- 
fmaintenance DCR, medium supplememed wUh selection agent. Dishes were incubated 
Idaik growth chamber at 23«C. The actively growing transgenic embryogenic tissue was 
Wd to fresh semi-solid miuntenance DCR, medium 

Ju at three week intervals for a period of about sbc to twdve weeks depending on the rate 
Irowth of the individual sublines of the transgenic embryogenic tissue. 
I Individual sublines of the transgenic embryogenic tissue were transferred to DCRj 
Id culture medium (Table A) for further multiplication. The cultures were incubated in a 
: growth chamber at 23-C and maintained by subculturing to fresh DCR, liquid medium 
r one to two weeks untU sufficient multiplication of the tissue had occurred to allow for 
subsequent development step. 

Using the methods described above, tissues were transferred to a sterile fiAric support 
1 subsequently the fabric and tissues were transferred to a MSG, development medium 
^ Table m below) containing about 125 mgA of ABA and no activated caibon and no 
lyethylene glycol. AU cultures were incubated at 23 'C in the dark. U is preferred that the 
lures be incubated in the daric rather than Ught condition. After three passages of about 
i weeks on the MSG, medium, cotyledonary somatic embryos (stage 3) were visible. 
;icaUy, multiple harvests of cotyledonary somatic embryos were made at the end of the 
nd and third transfers onto MSG, medium. 
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TABLEffl 

pevelopment and Germinat i^^n Media Formulations 



COMPONENT 


Devdopment 
Medium 1 
MSG2 


Development 
Medium 2 
MSG, 


Germination 
Medium 
MSG4 


Basal medium * 


MSG 


MSG 


MSG 


CONCENTRATION (g/1) • ■ 


Ammoiuum 
mtrate 


0 


0 


0.80 


Inoatol 


0.10 


0.10 


0.10 


L-elutamine 


1.45 


1.45 


0 


Sucrose 


0 


0 


30.00 


Maltose 


60.00 


60.00 


0 


GELRTTE" 


2.00 


2.00 


2.00 


Activated 
caibon 


0-1.25 


0 


5.00 


Polyethylene 
elycol* 


0-100.00 


0 


0 


CONCENTRi 


\TION(mR/l) 






ABA"* 


11-150 


21 


0 



a) Refer to Table I for composition of basal medium. 

b) GELRTTE (gellan gum manufactured by Merck, foe). 

c) Polyethylene glycol (molecular weight of 4000). 

d) Absddcadd. 



Harvested stage 3 embryos were converted into acclimatized plants and field planted. 
Harvested stage 3 embiyos on fabric supports were transferred to medium MSG, (Table HI), 
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[|ctri plates and incubated for about four weeks in the dark at a temperature of 4-C. Nejct. 
bryos on their fabric supports were incubated above water in sealed containers for about 
> weeks in the dark at a temperature of 25'C. Following the above two treatments, 
bryos on their fabric supports were transferred to medium MSG4 (Table ID) and incubated 
• about three days in the dark at a temperature of 25"C. Embryos were then removed from 
cir fabric supports and placed individually onto the surface of fresh MSG4 medium in petri 
Ites for germination. Germination was conducted in the light at a temperature of 28'C. 
ation plates were examined weekly, over a period of about four weeks, and 
prrainating embryos transferred to MAGENTA boxes containing 100 ml of MSG4 meduim 
Ir conversion to plantlets. MAGENTA boxes containing developing plantlets were 
iibated in the Ught at 28'C for about eight to twelve weeks. 

When the plantlets formed epicotyls (newly formed shoots of approximately two to 
ur cm), they were transferred to containers filled vnth a potting mix (2:1 :2 
leat:periite:vermiculite, containing 602 g/m» OSMOCOTE fertilizer (18-6-12), 340 g/m* 
llolomitic lime and 78 gAn' MICRO-MAX micronutrient mixture (manufactured by Sierra 
fchcmical Co.)]. The plamlets were placed in a shaded greenhouse and misted infirequenUy 
Ifor a period of about two weeks. Plantlets were then transferred to outdoor conditions under 

lihade fbr about four weeks for final acclimatization prior to being moved to full-sun 

it 

I conditions. 

Stable transformation was verified through a combination of growth on selection 
^ medium, assay for expression of the visual marker gene at several developmental stages 
including field-grown plants, polymerase chain reaction amplification of specific segments of 
\ the transgehe EWA sequence at several developmental stages including field-grovwi plants, 
and DNA blot hybridization to detect the integration of the traiisgenes into the genomic 
DNA These techniques were carried out using techniques well knovwi to those skilled in the 

art of molecular biology. 

This method has been employed to generate over 1 000 transgenic hybrid pine {Pinus 
riffda X P. taeda) embryos from which more than 270 plants have been produced and field 
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EXAMPLE! 

i TWs ewu«ple te«*e$ « method for geneticdly engineering conifers. In puticuto. 
.example ««d»s . method which includes the steps of pretreatment of embryogentc 

Wwithpr.p»«i«.medi"™.e««<™*'™l»^''»'»"''"'"^ 
|cuo«of.r««genic«rib,yoge«fctiss««onsd.c.ion.g«« to produce «^ 

iH™s«Kj,subs«,uently.gene.icany engineered loblolly pi.«(^««^ Theuserf 
r^„nmed«.min.hisexample«.sd«nonstrated.og,e.tlyi«c«.se.h.f^ 

Dvwy of transformed material. 
». taunwur. se«i cones v«re coUected fton, severd different loblolly pine sources loc 
fcl in Wesn^co-s South (^liiui coastal breeding orchids near Chwleston. South 
I^Una. The seed cone, were coHectedvrt^n the donin»«W>«icen*ryo»»tt the 

irecotyledonaiy stage of devdopment 

1 Using the methods of Example 1 . cell cultures containing pre.st.ge 3 emb.yoge«« 
itissueweobt-ned. After one. o three months of culture on DCR, semi-solid mainte.--. 
Jmediun, the tissue cultures were c.yopre«,ved. Piec« of the somatic embryogenic t»sue 
'and/or p«.s.ag.3 somatic onbryos (about seven to 14 days since their last subcultuneon 
culture mainten»«. m»ltam) were dispersed to ttquid DCR, medium which contained 0.4 
molar sorbitol The »«o»nt of embryogenic tissue us«l was sufficient to resuK m . 30% 
^spension. Erlenmeyer flask, cont»ning the «»p««i.. w«e incubated for 24 hour, m fte 
daAonagyrotory^akerCcommonlyat 100 rpm). and then placed on ice. Rveonem.lU.ter 
atauw. of 4e cryoproteca.. dimeUtyl sulfoxide (DMSO) were «lded to *e «.sp«».on «, 
tringfindeonc««r.tionofDMSOto 10%. One mUUttter aliquot, of the ceU suspension 
eomatotog DMSO we« Ae. transfer™! u, fteezing vids. ph«ed in a programmable free«r. 
and cooled tt> -35-0 at 0.33-C per minute. The fteezing vid, were subsequenUy immersed 
in liquid nitrogen inside a cryobiological storage vessel for long-term storage. 

Fro»n cultures were retrieved by removtag individual vids ftom the ayobiotog.c.1 
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|e vessel and placed in 38«G water to rapidly thaw the frozen cell suspension. The 
%d- ceU suspension were aseptically poured from the cryovial onto a sterile fabric 
fort, which was then transferred to DCR, maintenance medium and incubated at 23'C for 
§)urs to aUow the DMSO to diffiise into the medium. The febric support containing 
Jryogenic tissue was removed from the medium and transferred to new maintenance 
!him. After growth on this medium for six to 20 weeks, the tissue cultures were placed in 
Uquid maintenance medium (Table H) containing activated caibon, and maintained by 
dculhiring to fresh liquid medium every one to two weeks. • 

To prepare for gene transfer, a sterile febric support was placed in a sterile Buchner 
.„_iel and one to five milliliters of embryogenic suspension was pipetted omo the fabric 
^port such that the embryogenic tissue was evenly distributed over the surfece. The Uquid 
ledhmi was suctioned from the tissues using a mild vacuum. The fabric support with 
Inbryogenic tissue was removed from the Buchner funnel and placed on a GELRITE 
|>Udified DCR, preparation medium (Table n) in 100 X 25 mm plastic petri dishes. Dishes 
Ifcrc incubated in a daric growth chamber at 23'C for about 24 hours. 

DNA was transferred into the tissues and/or embryos via carrier particle 
^ (microprqjectae) bombardment technology (also known in the industry as Biolistics) using 
PDS-lOOO/He BIOUSTIC Particle Delivery System(available from Bio-Rad 
Laboratories), which is a prefeired method for deliveiy. The DNAs of interest, here plasmids 
ipWVK49 (Figure lA above) containing the visual marker gene uidA and pWVK54 (Figure 
a© above) containing the selection gene w^m, were simultaneously precipitated onto the 
surface of gold microparticles. which were subsequently accelerated toward the pre-stage 3 
embiyogenic tissue described above, to penetrate the cell walls. Once inside the ceUs. DNA 
is released from the carrier particles and imegrated randomly into the chromosomes. 
M: The gold microcarriers used were 0.6 to 1 .6 jim in diameter and were prepared in 50 
liLaKquots of 60 mg/ml gold suspended in sterile water, five |il of each plasmid, pWVK49 (1 
(|ig/|il) and pWVK54 (1 ng/jil). 50 M 2.5 M CaCI^ and 20 pi 0. IM spermidine (free base). 
The mixture was vortexed for three minutes, centrifoged at 10,000 rpm for 10 seconds and 
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ipe^^^wasmnov^l. Th.miaoc,mc«w.w»hedwUh250,.,f7(>%«h»ol. 
I vonex«l centrifuged. After removd of the supen»«nl the r«icro«me« w«« 
|pe^to65,.ll00%eth.nol. Aliquots of five mI were dispensed onto the center «f the 

icarriers and air dried. 

In the PDS-lOOCWHe BioBstic device the gap between the rapture disk and the 
ocnier (gap dist«K») was five n™ «Ki the n«crocanier tmvel distance was 1 3 «».. 

The petri dishes with the fiJxic support «rf en>b.yonic tissues were then placed mto 
irterior of the PDS 1000/He Biolistic device and vacuum applied to a level of 28 mches 
^ Tie gold p^tide. canning the DNA were acc.erat«l toward the embr^wgenic tissue 
Lowing a helium build^.p and bursting regulated by a 1 550 psi rupture disk. Followmg 
|»,A,tr»»ferthepetridishe,contah»ngthef*ricsupport».dtissueswe« 

growth chamber at 23'Cfcr about 24 hours. 
The tissues and ftbric support were transfared to semi-solid maintenance m«hum 

for a pedod of about seven days. The tissues ^ ftbric support were transferred to a DCR, 
selection medium. The plates were incubated in a dark growth ch»nber at 23-C for d»ut 
six to twelve weeks with the ftbric supports containing the tissues being transferred to ti« 

same ftesh culture medium every three weeks. 

Active growth on the selection medium occurred to a number of isolated sectors on 
some of U.e petri dishes. Such active growti. to ti« presence of selection agent is «. 

indication ««t the growtog tissue, have m,egrat«l the selection gene tato their chromo«.m.. 
^larestablytransformed. These areas ofactive growth were t,«ted as todepende« 
^nsfbrmation event. »«. are henceforth ref.^ to as subUnes. The tr««ge»c 
embrvogenic tissue was multipUed by tra^ferring growtog transgenic sectors to fresh DCR, 
«,«:tionmedtom. Dishe,we,.tocuba.«ito.darkgr.wti.ch«nber«23-C. Theactivel, 
growtog transgenic embryogenic tissue was transferred to fresh semi-sottd m«nte«»« 
DCR. medium supplemented with selection agent at three wedc mtervds for a penod of 
six to twelve weeks dependtog on the rat. of growth of ti» tadividual subUne, of the 
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iiansgeiiiceinbiyogetuctissue. , nro 

individud sublines of Ae .«nsgenic «i*.yoE«»c tissue were .r»sferred to DCR, 
„,uid culture tnedium (T*.e .1) for farther muMplication. The cultures were iucub^ed «. . 
,L growth ch»*er .t 23-C and maintained by subcuituring to fresh DCR, h,u.d ntedtum 
.very ot« to .wo weeks until sufficient multiplication of the tissue had occurred to dlow fbr 

the subsequent development step. ., , u- ™„« 

Using .he methods described above, tissues w«. .ransferred to a stertle fabnc support 
and subsequently .heftbric«,dtissuesw.re.ransfe,redto.MSG.d.ve,opmentme^^^ 

(Table ni) containing about 125 mgfl of abscisic add (ABA). 1.25 gmfl activated carbon. 70 
gm/l polyethylene glycol (PEG), or to a MSG, development medium with no ac«v««i 
ZIn Anculn.reswerei„cubatedat23'Cinthedark. ,.isprefer«dtha..heculmresbe 
incubattd in U« dark r^her th«. ttght condition After three passages of about th«e weeks 
on *e devdopment media, cotyledonary somatic embryos (stage 3) were visible. Typ«ally. 
™.,tiple harvests cotyledonary somatic embryos were mad. at the end of the second and 

third transfers onto development media. . « , 

Ha-vested stage 3 embtyos were conven«l into acclimatized plants and fidd ^ 
Harvested stage 3 embryos on fabric supports were tr«.sferred to medium MSG, CT^e^ 
i„ p«ri plates ^ incuba.«l for about four weeks m .he dark a. a t«nper.ture of 4 C. Next, 
embryos on 4«r fabric support were incubared above wa.er in sealed comainers R,r ^ 
,hreeweeksin.hed.rka...empe™tureof25-C. Following the above two treatments, 
embryos on titeir fabric support were transfe^d to m^ium MSG. (Table lU) and incul^ted 
for about three days in the daric « a .empe,.«« of 25-C. Embryos were then «mov«. fi^n 
their ftbric suppom end placed individually onto the surf^ of ftesh MSG, medtum m ^ 
platesforgenninatiot. Germination was conducted in. he light aftcmperature of 28 C. 
Ge,ml«.tionpl..eswereexaminedweekly.overaperiodofabou.fourweeks.«,d 
genmnating «.*.y«s transferred .0 MAGENTA boxes containing 1 00 ml of MSG, medtum 
for conversion to plantlets. MAGENTA boxes containing developing planUets w«» 
tocubated in the light at 28'C for about eigh. .onvelve wedts. 
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Wh».hep.»..e.fo»edepico.,U(n.w.y«.rn«ashoo.sof.ppro»^^^^^ 

, cm), they w«. tra..rerr „mocOTE fatUi«r (18-6-12). 340 g/m' 

i-jifiieriitevennicuUte, containing 602 g/m OiMU^uiE ... cu™, 

^ n g^rf MICRO-MAX micronutrien. ndxtu« (n«nuliict»«d by S»« 
S ta?), AnuL.fp.«..«»w«epUc«iin.sh.dedg«enhouse«.dmis.^ 
a^Co.)l ^-^y. / ^ PU«l«s were then ,r»,sferr«i to outdoor 

t"-"":::;^nn«lo„wa.ve^^ 

I . T«Dre,«on of the visual marker gene .ts.v«dd.velopn«ntda^ 

t'*'^ T TlT^Ling. and polymerase cha^ 

f:T^^fO'^^ The.techM.e..erec.rHedou.using.echn.<.es,.^ 

Pr:i:::!i--.oproduc,.hous.ndsor.™^ 

U,.^ .».s«orthesetransgenlc.n*,V»h.v.hee.n-d.i- 
Ijaiits aiul prepared for field planting. 
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EXAMPLE 3 

This e«m.ple Ulusttttes the genenU wBobHity of the invention .cross . broad 
je of ceU U«s of both tobloUy pine (Pirns taeda) ml hybrid piite (Pim« rigUk. x P. 

To determine the applicabUity of the current invention over a divers. nu«e of genetic 
^terials a total of 73 ceU lines of loblolly pine «.d five cell lines of hybrid pine som«.c 
ib^ogU cul««s containing pre-suge 3 en*,yos were produced «.d transformed usmg 
i„™efl»dsdescribedi.E»mpl.sI«»i2.bove. These included one cell Hn. each of 

|*,oUypi«.»«ibybridpineinthep.»cedures.scon.rol0.e...«f^'»"^^ These 
Seo^lcenimeswereknowntoberesponsivetothegenetictr^Bfermati^ 

' they v«re found to be transformable using the methods of the previous examples. The 

72 loblolly and four hybrid pine cell lines had not been previously teaed. The oeD 
to, subjected .0 the above procedure were microscopically examined ».d found to com»n 
p[e.^tage 3 embryos prior to gene transfer. 

The abiBty to transform ceU Unes was assessed by a variety of methods. The ab-Uty 
,0 grov. on sdection m«Bum in wUch the concentration of selection agem inhibits the 
growth of non-transformed ceU Hues was one criterion for transformaUoti Anod»r cn.erK» 
for traiBfonmtion was d«ecUon of the visual maricer gene supplied by the plasmKl 
PWVK49. Another criterion for transformation was the detection ofeithertnmsgeoe as 

, u • Th^'ce methods are well known to those skilled in 

determined by polymerase cham reacUon. These metnoas arc >y«? 

the art of molecular biology. 

As shown to Table IV below, of th* 72 loblolly pine mkI four hybrid pine test hnes 
subjected to the procedure. 19 loblolly pme and ««. hybrid pine oeU Imes produce! subltoes 
capable of growth on selection medium. These comprise at least 26J4 of lobloUy pine ceD 
Bnes »«1 50% of hybrid pine cell lines tested. Eighty-s^ sublmes of embryogenic tissue 
«„ ,ecov««i fiom the 19 lobloUy ptoe ceU Imes and three sublines were recovered ftom 
the two hybrid pine cell lines. 
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TABLE IV 

f ry q .iencv of ^^t^^'e Transfi^^pnations for 
T ^hlnlly Pine f»nH Hvhrid Pine Cell Lines. 





Loblolly 
pine 


Hybrid 
pine 


Number of lines tested 


72 


4 


Number of lines giving rise to at 
least one transformed subline 


19 


2 


Total number of transformed 
sublines recovered 


87 


3 



t To determine the frequency that transformed sublines of pine tissue stably integrated 
DNA sequences from either or both plasmids used (pWVK49 and pWVK54) during gene 
^ansfer, DNA was isolated from a portion of the transformed sublines prior to their transfer 
Ito Msi development medium and subjected to polymerase chain reaction analysis. The 
i sublines subjected to analysis included the 87 lobloUy pine sublines described above in Table 
JV as weU as sublines obtained from the loblolly pine and hybrid pine control ceU lines 
described above for a total of 173 sublines. These results are shown in Table V below. 
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TABLE V 



I: 



Frequency of Stable Transformation and Co-Transformation 
for Loblolly Pine and Hybrid Pine Sublines 



Sequences detected 


Number positive 
/number tested 


Percentage 


uidA and ttptU 


136/173 


79% 


uidAoBly 


1 /173 


<l% 


nptUoaiy 


18/173 


10% 



These data show a high frequency of co-transformation. Sequences for both 
fl transgenes, uidA and nptU, were detected in 79 percent of the sublines tested. Only one 
subline (}tss than one percent) contained only the uidA visual marker gene. Ten percent of 
the tested sublines contained only the nptll selection gene. In the remaining 19 sublines, no 
transgenes were detected by polymerase cluun reaction. 

A subset of the loblolly pine sublines obtained above were further developed and 
gemunated according to the methods of examples 1 and 2. Samples of developing embryos 
f at various stages of development as well as plants prepared for field planting were tested for 
f expression of the visual marker gene and/or the selection gene. Samples were also tested for 
I ithe presence of the transgenes using polymerase chain reaction analysis. For each of the 
^ove tests, positive results indicative of stable transformation were obtained. The test 
imethods used above are well known to those skilled in the art of molecular biology. 



EXAMPLE 4 

In this example, additional preparation media formulations anfl alternative selection 
^steps were employed to recover stably transformed embryogenic tissue of loblolly pine 
|[Pi>tti5Aiei£iL.) and hybrid pine (Pims rigida x P. taedd). 

Embryogenic cultures initiated as described in previous examples firbm three different 
l&milies of loblolly pine (including one that has been recalcitrant to transformation using the 
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|ods of the previous examples) and three lines of hybrid pine were prepared for 
Ibardment by plating on DCR, as described in previous examples, or subjected to the 
manipulations using alternative preparation media as described in Table VI below, 
^aration media were developed using DCR or MSG basal media as described in Tables I. 
Ind m above. This example demonstrates that the present invention is not restricted to 
^particular basal medium formulation, but may be based on any medium suitable for pine 
pbiyogenic culture. Uquid preparation media were also employed. For cultures prepared 
%Uquid preparation media, the liquid maintenance medium DCR, was pipetted ofFthe 
ittled ceUs and replaced with an equal volume of liquid preparation medium, in which the 
filtures were allowed to grow until they were plated onto the same medium to which 
IeLRITE had been added in order to facilitate bombardment. 



TABLEVI 

Fvflmples of P rppanrtion Media Formulations 



Concentration 


Preparation Medium Formulation 








ing/l: 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


Sucrose 


0 


60 


30 


30 


30 


30 


30 


0 


30 


30 




€0 


0 


0 


0 


0 


0 


0 


30 


0 


0 




0.5 


OJ 


0.5 


0.3 


0.5 


0.5 


0.5 


0.5 


0.5 


45 




70 


0 


0 


0 


0 


0 


0 


0 


0 


0 


(Hyoool 


0 


0 


0 


0 


0 


46 


46 


46 


0 


0 


Soibitei 


0 


0 


46 


91 


182 


0 


0 


0 


0 


0 


OEUUTE 


2 


2 


2 


0 


2 


2 


0 

• 


2 


5 


2 



On the day foUowing bombardment, cultures were transferred to DCR, for one week, 
and then onto selection medium as described in the previous examples for selection of stable 
transformants. However, the bombarded target tissue was transferred onto fresh selection 
medium at intervals of two weeks rather than the three week subculture interval used in 
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ous e: 



ixamples. This example serves to show that any suitable subculture interval may 



Tissues were examined for actively growing sectors at six and twelve weeks after 
Ibardment. Actively growing stable sublines were observed in tissue that had been 
pared on each of these media. A subset of these lines, including both P. taeda and hybrid 
e cultures, were confirmed as transformed usmg assay of a visual marker and polymerase 
n reaction analysis for sequences from the transforming DNA. 

This example shows that a variety of preparation media are effective in allowing 
Ictectable frequencies of stable transformation. Both stable transformation and embryo 
levelopment are necessary for the production of stably transformed pine plants, an object of 
Ihis invention. Therefore, in order to determine the effects of the addition of organic 
alcohols and higher sugar concentrations in the preparation media on subsequent 

regeneration of plants, control tissue (not subsequently bombarded or cultured on selection 
media) was cultured in liquid or solid preparation media containing added organic alcohols 
or higher sugar or gelling agent concentrations (as described in Table VI above). After 9 
weeks of culture on MSGj development medium, during which the tissues were transferred 
to fresh media every three weeks as described in the previous examples, stage 3 embryos 
deemed suitable for germination were counted and harvested. The results are listed in Table 
Vn below. 
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Table Vn 

f flfert nf Preoarf tl?" Media on Stflire 1 FnibryO PmlQPmCTt 



Formulation No. 


A 


B 


C 


D 


E 


F 


J 


LOB Family E 


14* 


28 


11 


28 


0 


11 


0 


LOB Family K 


31 


95 


23 


1 


38 


74 


1 


LOB Family B 


12 


20 


35 


47 


n.d.' 


n.d. 


0 


PxLFamilyA 


39 


18 


n.d. 


n.d. 


9 


9 


n.d. 



1 . Results shown are the average number of high quality harvestable stage 3 embryos 
produced per tissue culture plate. 

2. n.d. " not determined. 

Table VII demonstrates that an elevated inositol treatment (media formulation J) 
taught as being useful for the transformation of spruce (Clapham et ai 1995) has been found 
not to be effective for the preparation of pine (as the elevated inositol disrupted embryo 
development across aM the genetic backgrounds tested). In contrast, the other preparation 
treatments did not show disruption of embryo development across all tested lines. 



EXAMPLES 

In this example, the method taught by Ellis in U.S. Patent No. 5.68 1 .730 as beirig 
effective for transforming conifers, specifically white spruce, was tested and compared for 
effectiveness in initiating embryogenic cultures of loblolly pine for use in genetic 
transformation. It is weU knovsm by researchers that there are significant differences between 
spruce and pine species in the ability to undergo somatic embryogenesis. Protocols that are 
effective with spruce may not be effective with pme. Furthermore, spruce is considered to be 
an "easy" system for somatic embryogenesis. whereas pines are generally considered to be 

much more "recalcitrant." 

Immature seeds from two open pollinated families of loblolly pine iPinus taeda) were 
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used in the experiment. The seed sources were coded "A" and "J." Immature cones 
coniaining seeds with the appropriate stage of zygotic embiyo development were coUected 
.ad stored for one to two weeks at 4»C. as described in Example 1 above, until initiation 
nccording to the treatments described below. 

Method E-1 utUized the method exactly as taught by Ellis in U.S. Patent No. 
s 681,730 as being effective for white spruce, with the only difference being that loblolly 
pine (Pinus taeda) embryos were used (Table VIII). As taught by Ellis, immature zygotic 
embryos at just after emergence of the cotyledons (stage 3) were placed longitudinaUy on the 
surface of the culture initiation medium as described by Hakman and Fowke (1987) and 
Webb et al. (1989). The culture initiation medium was that of von Arnold and Eriksson 
(1981) supplemented with 1% sucrose, solidified with 0.6% Difco-bacto agar. 10 nM 2.4- 
dichlorophenoxyacetic acid (2.4-D). and 1 »iM N'-benzyladenine (B A). The explants were 
cultured for 8 weeks under fluorescent light levels of 25 to 40 MEmV. on a 16 hr 
photoperiod. at 25^0 (Webb et al 1989). Embryogenic tissues proliferating from these 
explants were placed in the dark and subcultured on the same medium as noted above every 
3 weeks. 

Method E-2 used the processes and media taught by Ellis in U.S. Patent No. 
5.681,730 exactly as noted for Method E-l above with the sole exception that, instead of 
usingzygotic embiyos at just after emergence of the cotyledons (as taught by Ellis for 
spruce), the stage and type of explant known to work optimally for initiation of embnrogenic 
tissue of pines was utilized (Becwar and Pullman 1995) -- namely immature 
megagametophytes containing dominant zygotic embryos at the pre-cotyledonaiy 

developmental stage (pre-stage 3). 

Method A-3 used the same stage and type of explants employed in Method E-2 (i.e.. 
megagametophyte explants containing pre-stage 3 zygotic embryos), but the methods and 
media employed with these explants are those taught in the present invention. The pre-stage 
3 zygotic embryos were cultured on WV5, initiation medium containing 3 mgA- 2.4-D and 
0.5 mg/L BA. and 1 .5 g/L GEUUTE (see Table H): Proliferating embryogenic cultures from 
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ethod A-3 were maintained on the 
crose and 2.0 g/LGELRTTE.'n'ey were 

ififering culture initiation 



WV5. medium as above, except that it contained 30 ^ 
also subcuUured at 3 week intervals. The 
methods employed are Usted in Table VIU below. 



Table Vin 
fMlturrlnitiM'^^n Methods 




Method 
E-l 
E-2 
A-3 



Explant jPims taedd) 
Stage 3 ZE' with cotyledons 
MG* with pre-stage 3 ZE 



MG with pre-stage 



3ZE 



Initiation Medium 
Ellis' 
Ellis 
WVS. (Table II) 



Light, photoperiod. etc. 
Ellis 

As in Example I 
As in Example 1 



1 2E = zygotic embryo. 

2. MG = megagametophyte. p 5.681.730. 

1 Fms = As taught by Ellis mU.b. faxenti-iu. . . j„»./:tA 

and seed source effect on culture initiation as measured by the 

There was a significant treatment eRect on cuiiu.c 

There was g. culture initiation occurred at much higher 

from seed fiunUy A than from seed femUy J. ^ 

Table DC 
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Famity 



A 



Method 
Utilized 



E-1 

E-2 

A-3 

E-1 

E>2 

A-3 



Type of Explant {Pinus taeda) 



Stoge 3 ZE' with cotyledons 
M G* with pre-stage 3 ZE 
MG withpre-stage3ZE 
Stoge 3 ZE with cotyledon s^ 
M G with pre-stage 3 ZE 
MG with pre-stege 3 ZE 



No. of 
Explants 



128 

104 

112 

120 

120 

120 



No. and (%)of 
Explants with 
proliferating ET' after 

6-8 weeks 
1 (1%) 
0 (0%) 
32 (29%) 

0 (0%) 

1 (1%) 
92 (77%) 



1, ET = embiyogenic tissue. 

2. ZE = zygotic embryo. 

3 MG = megagametophyte. 

F.r«p.»uftom««lfcn»lyA.them«hod«ugh.«.EUi,inU.S. P..en.No^ 
5 6S, no (M Aod ^0 ^suued in .h. producUo. of ««. which shoved prohf.«no„ 
Xs^o.issue.six««.cs. This ... cu.«« .r«^ 

^show«lp«.life»tionofemb,yogenictoe..«xw«»cs. 

AS for ^ ftom ««■ toily J. *e ^"^ ^ ' , f lo« 
5 «. 730 (Method E-O rcsul^d in n. «pl»« b«ng produ«d which showed prol,fe«uon 
ofX g«^c.is,ue..sixw«.c. U..wisc..he™«hod«»gh.hyE,«swh»«^^^ 

IC-ge 3 ^go.ic ..bryos (Method ^2) «»-..d in .he produ^^^ 
:l\o«!dpro..etationofen,b^ogenicUss«...siKW..^ This.«ecu.tu««« 
,,.^,onewmedium.wh.«itdiedanddidnotprolifer..efunher 

nu.noen*,yogeniccuhuresof.oh.oilypin.wereest.b.ishedus,„ge«ta^^ 
^,orM«hodE.2. indeed. «.rco«.p«iso.resuluindi«..th..on.wou.dno,ob,™ 
^;^ccu.n.«,orp.e«,,g«»tict,»»f.nn..ionusUu>.h.p™toco,^^ 
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U.S. Patent No. 5,681,730. It is believed that this lack of effectiveness in pine is probably 
due both the employment of an inappropriate stage of embryo explant and the use of 
inappropriate tissue culture media. 

In contrast, numerous vigorous embryogenic cultures were established from both a 
difficult seed famUy (A) and a more responsive family (J) using the methods taught in the 
present invention. 

EXAMPLE 6 

This example describes a method of initiating secondary embryogenic cultures of 
Southern pines from individual pre-stage 3 embryos, including embiyos which have been 
geneticaUy transformed. In this example, secondary embryogenic cultures are initiated from 
pre-stage 3 somatic embiyos arisiiig from different types of cultures. Furthermore, cultures 
containing visible pre-stage 3 embryos served as the targeted tissue for genetic 
uansformation, and it was demonstrated that cultures lacking visible pre-stage 3 embryos did 
not ^ve rise to stable transformants. 

The system of targeting individual stage 3 (cotyledonary) embryos for genetic 
transformation (as taught by Ellis for white spruce in U.S. Patent No. 5.681,730) has been 
found not to be effective with pmes (Example 5 above) because it has not been possible to 
efficiently initiate secondary embryogenic cultures from stage 3 embryos (somatic or 
zygotic) of pine species. However, pine embryogenic cultures can be efficiently initiated 
from very early stage (pre-stage 3) zygotic embryos (Becwar arid Pullman 1995). This 
example teaches that they can also be initiated from very early stage (pre-stage 3) somatic 
embryos. 

Embryos for use in this method can be derived from several sources, including, but 
not limited to: embryogenic cultures previously initiated from immature seed explants 
(megagametophytes containing immature zygotic embryos), embryogenic cultures derived 
from immature zygotic embryo explants^ embryogenic cultures grown on embryo 
development medium, and liquid embryogenic suspension cultures. For this method to be 
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^ccessful, the explants or cultures must contain embryos that are pre-stage 3 in 
^velopment, according to the embryo staging system of Hakman and von Arnold (1988). 

Newly initiated (7 week old) embiyogenic cultures from three genetically different 
farent trees of loblolly pine (Pinus taeda) were used as a source of pre-stage 3 somatic 
inbiyos for this experiment. The cultures had been initiated from immature seeds on WV5, 
Jiitiation medium as Usted in Table n, according to the methods described in previous 
Examples. 

To initiate secondary embiyogenic cultures from individual pre-stage 3 embryos, the 
§xtruded mass of embryogenic tiissue, containing pre-stage 3 somatic embryos, was dissected 
§vith fine-tipped forceps to remove individual pre-stage 3 somatic embryos with attached 
Juspensor cells. These isolated pre-stage 3 somatic embryos were placed on maintenance 
finedmmDCR,, as listed in Table H except that the medium contained 10 mg/1 abscisic acid, 
isfacteen to 40 somatic embryos from the newly extruded embryogenic tissue of each 
' immature seed were cultured (8 per each 100 x 15 mm plastic petri plate). Every 14 to 21 
Idays, vigorously proliferating secondary embryogenic tissue derived firom the isolated pre- 
istage 3 somatic embryos was transferred to fi-esh medium of the same type (DCR,). The 
iamount of embryogenic tissue proliferation was quantified by measuring the size of each pre- 
Istage 3 somatic embryo-derived mass of tissue with an image analysis system. Data were 
Irecorded at 38 days after beginning the experiment with 16 to 40 somatic embryos per each 
iseed source and DCR. medium, and the results are listed in Table X below. 
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Table X 



p,^i;fe,^ ^;np from p-^c^ fo^ Snrnanc FmbrVQ?. 



Seed source 



J-3 
J-4 

Average: 



Per cent proliferat 
75% 
72% 
97% 
97% 



ion 



Mean p roliferation aze (mm') 

122 
109 
123 
145 
61 
62 
182 



85% 
35% 

66% 



68 
15 
82 



Severd secondly en*.,og««c eulnres (sublines) inUtoted lro,n .he p«.s.age 3 
„™a.>c e^b-yo, we« used «geoer..e suge 3 somatic »nbn,os. by .he m«hods descnbed 
i„ previous ex^nples. a.rf thereby verify th.. «.e cultures «ere indeed «nb,yog«uc 
thLre could be used to regenerate pine trees. Briefly, secondary clmres d.nv«. ftom 
individual pre-stag. 3 somatic embtyos were used to estabBsh liquid suspenston cult.«.s as 
descnW in previous «canples. and aliquots of these suspensions were ptated on embryo 
developmen,medh.mMSG.Cr.blera)asdescribedinpreviousexan,ples. St.g.3 som«« 

emb.yosw.reb.rvested»om«««nb.yodeve>opmen.mediumand.hr«pla.esp^^ 
individual pre.stage3embr,o source were counted. TheresultsareUstedrnTable XI below. 
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Table XI 



Cell tine 


Total number harvested 


X-1 


18 


X-2 


288 


X-4 


45 


B-3 


111 



I„ another cxp«im».. pr.-s.ag. 3 so-natic «nb,yos w« obuin«i ftom ««bryog«»c 
culnues growing on «nb„odevelopm.m medium (MSGJ. Aliquots ftom »sp«s.on 

d«i«d a, d.scribed in pr.vious «amp,« were pip«.ed onto a «.nl. febnc suppon 
•„ . steril. B«chn« iUnnd. «.ch that *e emb,yog«ue .issu. was dis,ribu«d o«r «s «.rftc. 
Tte B,„id podium was sucdon«i from .h. .issu« using a mild vacuum and ,h. ftbn. 
b..ri„g «nb,yog«dc tissue was ronoved from *. Budm« fi.n«.l and placed on MSG. 
I rjpmenrmLK«.(secT.blem.bov.)i.,OOX«mmpl.sacp«Hd.h.. D^hesw^^^ 

mcub..edin.darkgrow.hch«nb.r«23-C«6rabou..hree.osixwe.lcs. A. .h.s po,m. pr^ 
^ SUE. 3 «nb,>os with anached suspensor cells could be asepticaUy separated from the 
I subte^iing tissue using a dissecting microscope and f,n..,ipp«l forcn» » ^ «»»«• 
I TU.se««.pl.cedo.m«nte«a.cm«liumDCR,asdescrib«l.bove. As in th. prevou. 

* .,q»rim««.pr.-s..ge3son».icemb.yosiniti«ed«nbc,oge»^ 
and produced large masses of OTbiyogenic tissue. 

Thus this mea»d was succ««fi.l at initiating embiyogenic culwres from md-vidud 
pre-sttge 3 »m.,ic embryos of lobloUy pine obt«n«l from a variety of sources. «k1 the 
^ting culture can produce somatic embryos for use in regeneratmg pine trees. The* 
serve as the basis for using pre-stage 3 somatic embtyos of pine as tatge. tissue for 
genetic transformation. 
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didJorophe»oxyace<.cKKl(2,4D).ana stogie tasal culture nu.ri«t 

.^^«a.saibeai„pre.ou.ex«np.«.Tl2^^~ „^ 

^ u«d to to «™p.. ««. «o. «yoP-en«d^^^ ^^^^^^ ^^^^^^^^ 
^T«s««m.^Uto.«^.-.o*ow««.«^».-^^^^^ 

^::;::ou.e^.«--.^--^^^^ 

to. d»1c growth ctambertt 23 Cibr*o«t . poUowtagDNA 
transfer, visible pre-stage em ry proUfefation. 

^^^^^ 

, «cond»y «»b,yog«ucceB masses, sample ob^-^ 

,^„.se..cUo„n.«i-.un.sM«...h«de«n^n«^^^^ 

«^Hco«^to™g«.bscisic.cU..™se»»p..s«^^^ 
cuttu.es «rf sdecton genes fiunito «o those sWl«l m the art » app 

method. . £. «o^K line and the secondary tissue 

Sanvles of isolated pre-stage 3 en*n«.s ftom e«* toe ««1 the 
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-Jif«a,ing from .hem ««e dso cutoed on OCR, m«men»ce medi. without sd«tto„ 
U to ohsetve »y effect of the bomb^dmen. treMmem on proUfer-ion. TT»se cult««s 
■^e transferred to &e* mainteK>n« media every three weeks. ProKferation of the* 
Usdected controls nine w«>la after dissection is recorded in Td.le Xn. 

The pre-stage 3 e-b-yos which had been subjected to selection, and any secondary 
Uryogenictissue proBfer«ing onthem. were tr««fe,red eveor three w^.o ir«h DCR. 
.election media. The number of stable subline, found to be actWely growmg on selecnon 
„.dia at the end of the selection p«iod is listed in Table Xn. Putative transforman, subhnes 
with suffici«.t ceU mass growing on the selective medium were farther confirmed as 
,««fon«d by use ofpolymer.se chain reaction analysis and sequences from the 
,™«fonning DNA. via proc^Jures weU-known to those skitted m the an. 



Table xn 

• pi. |..«.H Pr^^ mr •■ "■"'"vr.s after Bnmbanlnimt. 





% Secondaiy 
Proliferation on 
Maintenance 
Medium 


Sublines Growing on 
Selection Medium, with 
Transformation Confirmed 
by Polymerase Chun 
Reaction Analysis 


LOB line Bl 


91% 


1 


PxLlineDl 


90% 


2 


PxLtineD2 


88% 


1 



ThU «canple dK,ws th« sufficient prepmtion for transfonnation was achieved by 
mowing the cultures on MSG. used here as a prep»«i«n medium, prior to and durmg 
bombardment. That is. wh^eUtemateridsto be target«i have be«. cultured on MSG. 

medium prior to and during bombardment, we 
great enough to allow detection 



observed that transformation frequency was 
of stable transformants. It should be noted that FamUy B is a 
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^„,„ lobloUy pine ge„«ic stock which has been reclchr^t .0 .r«>sfbn«.,on by *e 
Z, used inEx^nples 1-3 *ove. Fo, .his geneUe s.odc..he us. of MSG. as » 

urinative preparation medium is beneficial. 

AftIrLov..of.lvisib.epre.s..ge3en,bryosfion..hebon*.dedt,rget.«s«^ 

„ esoftheremaini„g.issue...c«„ga.yvisib>ep«.suge3e™bn«».w«ercsus^^ 

,„ , U maintenanoe mediun, simiU, .oDCR. except that a^ivated cha«o.l «as onuued. 
l^ethodsdescHbed above, these suspension ouUureswetepUtedo^on^^^ 

J.,..ha.itcou>dbe.acenai.edth..thetewassti>.r,vingtissueeapa.^o^^^^^ 
,.,„^ i„theoultu«s. such cuhuresoontinu^itopcoUfe^te for some months after U,e 
:„«ecao„ Theseresu.t.demonstr.tethatremovingth.visib.epr.st.ge3en.bn,osd.dnot 
const,tuteremovalofall.issuethatwascpableof«nb.yogenicgrowth. 

T^e results d«nons.rate that in the mixed cultures com^ning visible p.«-st.ge 3 
^ suge 3 embryos, and other embryogenic and non.mbn,ogenic tissue, the t^e. for 
ua^ormation v«s specific-.y the visible pre-stage 3 embryos. No fssue capaWe of 
mowing on selection m«.U was recovered from bombauied target fssues from wh^ al, 
Lie pre-stage 3 embryos had been removed (though this tissue was stdl capabte of 
sustain^ growth on maint«»nce media), while sublines growing on selection medta^ »d 
^lastransforman.susingpolyme™sechainr..c.io«»>a.ys^wererec^ 

fl» pre-itage 3 embryos th« had been dissected from th«» culture,. 
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EXAMPLE 7 

■ to ftis «^ mixed culwres containing pre«,.yledonanr embo-os w«e 
Thisexamp.eus«..»*s«of.h.s«««*.V.*-o«n.u^ 

Lg m«fium » ascribed in Uic previous example. Dishes were ■ncub..ed .n . d«k 
KitL««-Cfor.bou...»....sixweeK.un«.„uu..pre.s„se3e^ 

lSr.„dcouMbe.sep«c.«.sep.r..«.<h.mU«sub.enai.gUssue«»^ 
tnicroscopeandfine^PI«dfb«.ps.sdescrib«linthepreviousBc«npl. 

to.Wsex«np,..visib,epre.^^^ 
pUced ontoDCR. preparation mediun, for . peHod of days prior to bontbardrnem.!*^^ 
S^pr^sJ en*r,oswereta,ge.edforDNA.r«.sferbybon*«rdn.e««^^ 

:rlexJ..s«ves.osho«.h..n«U.ip.evaria.io„sof.beBioUs.icgene.r»^ 

orotocol are aiitable for use within the preseitt method. 

Merbon^ardmentthepr^atageBembryosweretr^^feaed^n^ntenane^ 

medium as described in Examp.e6,ogrowunta they c«.ld he seen.obebeg.nnmg.. 

;;era»seco»^en*r^.»icmasses.sdescn^edinExamp.6^^ A^W^ 

lasseced pr^tage 3 embryos «.d tissue proliferating on them were then tr»«^ » 
^IT^umasdescribedinExampieSabove. Non-selectedconuol sample «omea^ 
tl^iledof dissects. pr«»«e3emb.yosp..cedon.oI>CR.prepar.tionm^^^^^^ 
l^ls.«.dbomb.rded..«»san»time.butgrow.finlher,nm.i.«^ 

selecUonmedium. AddiUonl control s«np.e, of the dissects. p«.«.g. 3 
X!LeachU.ehadalsobee„,acedonto.C..prepar.Uonm..u««^^^ 
periI.bu.w«eno.bomb«ded.Thesec„ntro.sweregrovma„d.ra«,fcr.ed«f^ 

medium every .h,« weeks, ^ observed for secondly embryogemc 
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Cration at three and nine weeks. The selected cultures were transferred at three-weekly 
Ivals to fresh selection medium if active growth of secondary embryogenic subUnes on 
selection miedium could be observed. 

The results showed that secondary embiyogenic cultures could be proliferated on 
«mtenance medium at frequencies of up to 100% from pre-stage 3 embryos that were 
ilated and cultured on preparation medium, whether these emb^ros had been bombarded or 
4t Additiomdly, transfbrmant subUnes were obtained by this method from a superior 
IbloUy pine genetic stock. These were confirmed as transformed by growth on selection 
liedia and by polymerase chain reaction analysis as described in the previous examples. 
Ihese results demonstrate that isolated pre-stage 3 embryos of pine can sen^e directly as a 
{sufficient target for transformation. Since each subline is derived from an individual embryo. 
I rather than a mass of embiyogenic tissue, this method increases tiie probability of having 
t genetically homogeneous transgenic cell lines. 

Many modifications and variations of the present invention will be apparent to 
^ one of ordinaiy skiU in tiie art in light of the above teachmgs. It is therefore understood that 
the scope of the invention is not to be limited by the foregoing description, but rather is to be 
defined by the claims appended hereto. 
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IMS: 



A method for genetically engineering conifers selected from the grpup consisting of 
Igenus Pinus and Pinus interspecies hybrids, which comprises: 

(a) placing conifer target tissue selected from the group consisting of embryogenic 
tissue containing pre-stage 3 somatic embryos, pre-stage 3 somatic embryos, prcr 
stage 3 zygotic embryos, and combinations thereof, on a target surface; 

(b) bombarding the target tissue by physically accelerating at the target tissue carrier 
particles which are much smaller than the cells of the target tissue, the carrier 
particles carrying copies of a genetic construction including at least one gene of 
interest; 

(c) inducing the bombarded target tissue to form proliferative tissue which is capable 
of forming somatic embfyOs; 

(d) during the step of inducing, culturing the bombarded target tissue on selection 
medium so as to select for embryogenic tissue which is transformed by the gene 
of interest; 

(e) inducing transformed somatic embryos to develop from the selected embiybgenic 
tissue; and 

(f) germinating and converting the transformed somatic embryos thus produced into 
clonal transgenic conifer plants. 



2. The method of claim 1 wherein the conifer is selected from the group consisting of 
Pinus taeda, Pinus serotina, Pinus palustris, Pinus ellioltii, Pinus rigida. Pinus radiata, and 
hybrids thereof . • 



3. The method of claim 1 wherein the carrier particles are microparticles betweer» 0.2 
and 2.0 microns in diameter. 

4. The method of claim 1 wherein the selection medium contains a sufficient amount of 
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I A method for genetically engineering conifers selected fronn the group consisting of 
jgenus Pinus and Pirns interspecies hybrids, which comprises: 

(a) placing conifer target tissue selected from the group consisting of embryogenic 
tissue containing pre-stage 3 somatic embryos, pre-stage 3 somatic embryos, pre- 
stage 3 zygotic embryos, and combinations thereof, on a target surface; 

(b) bombarding the target tissue by physically accelerating at the target tissue carrier 
particles which are much smaller than the cells of the target tissue, the carrier 
particles carrying copies of a genetic construction including at least one gene of 
interest; 

(c) inducing the bombarded target tissue to form proliferative tissue which is capable 
of forming somatic embryos; 

(d) during the step of inducing, culturing the bombarded target tissue on selection 
medium so as to select for embryogenic tissue which is transformed by the gene 
of interest; 

(e) inducing transformed somatic embryos to develop from the selected embryogenic 
tissue; and 

(f) germinating and converting the transformed somatic embryos thus produced into 
clonal transgenic conifer plants. 

2. The method of claim 1 wherein the conifer is selected from the group consisting of 
Pinus taeda. Pirns serotina, Pinus palustris, Pinus ellioHii, Pimis rigida, Pinus radiata, and 
hybrids thereof • 

3. The method of clum 1 wherein the carrier particles are microparticlcs between 0.2 
and 2.0 nucrons in diameter. 

4. The method of claim 1 wherein the selection medium contains a sufficient amount of 
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linorganic nutrients, a seleaion agent at a concentration which is toxic to non- 
! cells but for which the gene of interest confers resistance to transformed cells, 
it 5.0 mg/1 of auxin, up to about l.O mg/l of cytokinin, up to about 30.0 mgA of 
§ad, and up to about 60.0 g/1 of sugar. 

i . • . ' 

ifhe method of claim 1 wherein the selection medium contains a sufficiem amount of 
Sand inorganic nutrients, up to about 5.0 mgA of auxin, up to about 1 .0 mg/1 of 
iiin. up to about 30.0 mg/1 of abscisic acid, up to about 60.0 e/\ of sugar, and wherein 
flection medium Ucks a componem necessary for the growth of non-transformed ceUs 
i>r which the gene of interest confers to transformed ceUs the ability to produce the 
^g component. 

The method of claim 1 wherein the selection medium contains a sufficient amount of 
irffuac and inorganic nutrients, up to about 5.0 mg/1 of auxin, up to about 1 .0 mg/1 of 
iytokinin. up to about 30.0 mgA of abscisic add, up to about 60.0 g/\ of sugar, and wherein 
the selection medium contains a component necessary for the growth of cells in a form which 
cannot be utilized by non-transformed cells but for which the gene of interest confers to 
transformed ceUs the ability to utilize the necessary component. 

7. The method of claim 1 wherein the selection medium contains a sufficient amount of 
organic and inorganic nutrients, up to about 5.0 mg/1 of auxin, up to about 1.0 mg/1 of 
cytokinin. up to about 30.0 mg/l of abscisic acid, up to about 60.0 g/1 of sugar, and wherein 
the selection medium allows preferential growth of transformed ceUs containing the gene of 
interest. 
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The method of claims 4, 5, 6, and 7 wherein the sugar is a member selected from the 
consisting of glucose, maltose, sucrose, and combinations thereof 

The method of claims 4, 5, 6, and 7 wherein the selection medium further contains a 
agent selected from the group consisting of about 6.0 to about 9.0 g/1 of agar, about 
> about 4.0 g/1 of gelten gum, about 6.0 to about 8.0 g/1 of agarose, about 3.5 to about 
of AGARGEL, and combinations thereof 

The method of claim 1 which fiirther comprises: 

(a) culturing conifer target tissue selected from the group consisting of embryogenic 
tissue containing pre-stage 3 somatic embryos, pre-stage 3 somatic embryos, pre- 
stage 3 zygotic embryos, and combinations thereof, on preparation media 
containing a sufiBcient amount of inorganic and organic nutrients, up to about 5;0 
mg/l of auxin, up to about 1 .0 mg/l of cytokinin, up to about 1 50.0 mg/1 of 
abscisic acid, about 10.0 to about 120.0 g/1 of sugar, and up to about 0.5M of 
organic alcohol, for a sufficient period of time to prepare the target tissue for 
bombardment by carrier particles; 

(b) placing the prepared target tissue on a target surface; 

(c) bombarding the prepared target tissue by physically accelerating at the prepared 
target tissue carrier particles which are much smaller than the cells of the target 
tissue, the carrier particles carrying copies of a genetic construction including at 
least one gene of interest; 

(d) inducing the bombarded target tissue to form proliferative tissue which is capable 
of forming somatic embryos; • 

(e) during the step of inducing, culturing the bombarded target tissue on selection 
media so as to select for embryogenic tissue which is transformed by the gene of 
interest; 

(f) inducing transformed somatic embryos to develop from the selected embryogenic 
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clonal transgenic conifer plants. 
The method of claim 1 which further compwes 

The metnoo oi c consisting of embryogenic 

placing conifer target tissue selected from the group 

:l „p .0 abou. ..0 o.g« of cyto^nin. up .0 .be. ''O' "^"/-^ 

for . suffidem p«iod of tta. .. .Uow .he bo«.b»ded «s«« ., r««« 

from carrier partide insertion; 
(a)r.«cing.bl»b.«..d».gc.«s»«.ofo™p.o«f««iv..>»^^ 

of forming somatic embryos; ,^:«„ 
fc) Lg .h!«ep of inducing. ouUuring bOn*«d.d ^ «ssu. on ,d«uon 

;irg«»»f<»n«d»n-«c«nb.^.oa..op.pn..h.s..^^ 

0,^.i».conve«i..HeU«».™«--.c«.*.yosU.sp«.^^ 
clonal transgenic conifer plants. 
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^ -♦Krtd ofdaim I which further «e»pHses: 

T Vl^Lttissueselected 
(a) cultunng conifer target _ p^^. 

♦issue containing pre-stage 3 somatic embryos, pre stage 
tissue conxaiiu BF thereof on preparation media 

abscisic acid, aooui ^^^^^^ 
organic alcohol, for a suffiaent penod of time to prep 
bombardment by carrier particles; 

(c) bcnb^^tag .h. prepared .argc. by P"^-^ « ^^.^ ^ 

sufficiem «noum of inorg»ic «d oni«»c up « 

„^„p.o.bou...0,„g«ofoyto.ci.n.up«*«-^50.0^^ 
K 10 0 to about 120.0 gA of sugar, and up to about oi o g 

ftom c»rier p«tide insertion; „„„f^ve tissue whid. is e«p*le 

(e) inducing the bomb»ded target tissue to form p,»lrf.r«.ve 

of fomung somatic «nbryos; ^ ^...^^ tissue on selection 

0,)::::itr.»rorn»dson»tic«..,ostoaeve.op.^n.tHese,ec.eden*^^ 
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clonal transgeiuc coiufer plants. 

ll. The method of claims 10. 1 1, and 12 wherein the sugar is a member selected from the 
sgroup consisting of glucose, maltose, sucrose, and combinations thereof 

-.^^ 

m. The method of claims 10, 1 1, and 12 wherein the organic alcohol is a member 
f selected from the group consisting of glycerol, mannitol. sorbitol, polyethylene glycol, and 
t combinations thereof. 

^ 15. The method of claims 10, 1 1, and 12 wherein the preparation medium further 
contains a gelling agent selected from the group consisting of about 6.0 to about 9.0 g/I of 
agar, about 1 .75 to about 5.0 g/1 of gellan gum, about 6.0 to about 8.0 g/1 of agarose, about 
3,5 to about 5.0 g/1 of AGARGEL, and combinations thiereof 

16. The method of claim 1 wherein the target tissue has been retrieved from 
oyopreservation . 

17. The method of claim 1 wherein the bombarded target tissue is cryopreserved. 

1 8. The method of claim 1 wherein the selected embryogenic tissue is cryopreserved. 

1 9. The transformed embryogenic tissue of claim 1 . 

20. The transformed somatic embryos of clwm 1. 

21. The transgenic conifer plants of claim 1. 



22. A method for genetically engineering conifers selected from the group consisting of 
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e genus Pinus and Pinus interspecies hybrids, which^mprises: 

(a) placing a suitable conifer explant on culture initiation medium containing a 
sufficient amount of inorganic and organic nutrients, about 0.1 to about 5.0 mgA 
of auxin, about 0.1 to about 1.0 mgA of cytokinin. up to about 100.0 mg/1 of 
abscisic acid, about 5.0 to about 100.0 gA of sugar, and a gelling agent selected 
from the group consisting of about 2.5 to about 9.0 gl\ of agar, about 0.5 to about 

4 0 gn of gellan gum. about 3.0 to about 10.0 gA of agarose, about 1.5 to about 

5 0 gn of AGARGEL. and combinations thereof, for a sufficient amoum of tm»e 
under suitable environmental conditions to grow an embnrogenic tissue culture 
containing pre-stage 3 somatic embryos; 

(b) placing target tissue from the embryogenic tissue culture on a target surfece. 
wherein the placed target tissue is selected from the group consistmg of 
embryogenic tissue containing pre-stage 3 somatic embryos, pre-stage 3 somatic 
embiyos. and combinations thereof, 

(c) bombarding the target tissue by physMly .ccderaUng at the target tUsue c«ri.r 
particles which are much smaller th«. the cells of the target tissue, the earner 
particles canying copies of a genetic consttuction including at le«a one g«« of 
interest; 

(d) transferring the bombarded target tissue to selection medium so as to select for 
embryogenic tissue which is transformed by the gene of interest; 

(c) transferring the transformed embryogenic tissue to embryo development medium 

containing a sufficient amount of inorganic and organic nutrients, about 5.0 mgA 
to about 300.0 mg/l of abscisic acid with the continued maintenance of the 
abscisic acid concentration, up to about 10.0 gA of activated carbon, about 20.0 to 
about 70.0 gA of sugar, and a gelling agent selected from the group consisting of 
about 6.0 to about 12.0 g/\ of agar, about 1.75 to about 4.0 gA of gellan gum. 
about 6.0 to about 8.6 gA of agarose, about 3.5 to about 6,0 gA of AGARGEL, 
and combinations thereof, for a sufficient time under suitable enviromnental 
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conditions to develop transgenic stage 3 somatic embryos; 

(f) separating the transgenic stage 3 somatic embryos from the development medium 
and partially drying the embryos by exposing the embnros to an ataiosphere 
having a high relative humidity for a period of about 2 to about 5 weeks; 

(g) transferring the partially dried transgenic embryos to germination medium 
containing a suflBcient amount of organic and inorganic nutrients, up to about 
10 0 gA of activated cartoon, about 20.0 to about 40.0 g/1 of sugar, and a gelling 
agent selected from the group consisting of 6.0 to 9.0 ^ of agar. 1 .75 to 3.50 gA 
of gellan gum. 6.0 to 8.0 g/1 of agarose. 3.5 to 5.0 g/l of AGARGEL. and 
combinations thereof, for a sufficient time under suitable enviromnental cond.- 
tions to germinate the partially dried transgenic embryos; 

(h) converting the germinated transgenic embryos into acclimatized transgenic 

comfer plants; and 

(i) field planting the acclimatized transgenic conifer plants. 

The method of claim 22 wherein the conifer is selected from the group consisting of 
"pinus taeda. Pirns serotim. Pirns palustris, Pinus ellioUii, Pirns rigida, Pinus radiala. and 
hybrids thereof. 

24 The method of claim 22 wherein the conifer explant is a member selected from the 
group consisting of immature zygotic embryos and megagametophytes containing immature 
^gotic embryos. 

25. The method of claim 22 wherein the sugar is a member selected from the group 
consisting of glucose, maltose, sucrose, and combinations thereof 

26. The method of claim 22 wherein the carrier particles are microparticles between 0.2 
and 2.0 microns in diameter. 
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non- 



7 The method of claim 22 wherein the selection medium contains a sufficient amount 
f onsanic and inorganic nutrients, a selection agent at a concentration which is toxic to no 
transformed cells but for which the gene of interest confers resistance to transformed ceUs. 
up to 5.0 mg/l of auxin, up to 1.0 mg^ of cytokinin. up to about 30.0 mgA of abscisic acid, 
and up to about 60.0 g/l of sugar. 



28. 



The 



method of claim 22 wherein the selection medium contains a sufficient amount 



of organic and inorganic nutrients, up to 
cytokinin, up 



about 5.0 mg/l of auxin, up to about 1.0 mgA of 



to about 30.0 mg/l of abscisic acid, up to about 60.0 g/l of sugar, and wherein 
the selection medium lacks a component necessary for the growth of non-transformed cells 
but for wWch the gene 
lacking component. 



of interest confers to transformed cells the ability to produce the 



29 The method of claim 22 wherein the selection medium contains a sufficiem amount 
of organic and inorganic nutrients, up to about 5 .0 mg^ of auxin, up to about 1.0 mgA of 
cytokinin. up to about 30.0 mg/l of abscisic acid, up to about 60.0 g/l of sugar, and wher«n 
the selection medium contains a component necessary for the growth of cells in a form which 
cannoi be utilized by nonWormed cells but for which the gene of interest confers to 
transformed ceUs the ability to utaize the necessary component. 
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30. The method of claim 22 wherein the selection medium contains a sufficient amount 
of organic and inorganic nutrients, up to about 5.0 mgA of auxin, up to about 1.0 mg/l of 
cytokinin, up to about 30.0 xng/\ of abscisic acid, up to about 60.0 g/l of sugar, and wherein 
the selection medium aUows preferential growth of transformed cells comaining the gene of 
interest. 

31. The method ofdaims 27, 28, 29, and 30 wherein the selection medium further 
contains a gelling agent selected from the group consisting of about 6.0 to about 9.0 gA of 
agar, about 1 .75 to about 4.0 g/l of gellan gum, about 6.0 to about 8.0 g/I of agarose, about 
3.5 to about 5.0 g/l of AGARGEL, and combinations thereof 

32. The method of cldm 22 v^ch further comprises: 

(1) the addition of up to about 100.0 g/l of polyethylene glycol to the embryo 
development medium(e); and 

(2) transferring the transgenic stage 3 embryos from the embryo development 
medium to a second development medium containing a sufficient amount of 

inorganic and organic nutrients, about 5.0 mg/l to about 300.0 mg/l of abscisic 
add with the continued maintenance of the absdsic add concentration, up to 
about 10.0 g/l of activated carbon, up to about 100.0 g/l of polyethylene glycol, 
and about 20.0 to about 70.0 g/l of sugar, for a sufficient time under suitable 

environmental conditions to further develop the transgenic stage 3 somatic 
embryos prior to partially drying the embryos. 

33. The method ofclaim 22 which further <5omprises: * 

(1) the addition of up to about 100.0 g/l of polyethylene glycol to the embryo 
devdopment medium (e); and 

(2) transferring the transgenic stage 3 embryos from the embryo development 
medium to a second development medium containing a suffident amount of 
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inorganic and organic nutrients, up to about 100.0 mgA of abscisic acid with the 
continued maintenance of the abscisic acid concentration, up to about 10.0 g/l of 
activated carbon, up to about 100.0 gA of polyethylene glycol, and about 20.0 to 
about 70.0 g/l of sugar, for a period of about 2 to about 12 weeks at a temperature 
in the range of about O'C to about lO'C under suitable enviromnental conditions 
to maintain the viability of the transgenic stage 3 somatic embn^os prior to 
partially drying the embryos. 

34 The method of clium 22 wh««n the targe, tissue from the «nbnrog«uc ti«ue 
cutare prior to the bomb«dmen, by the canier particles, is cultured on preparation m«... 

. sufficient »nount of inorganic «a oojanic nutrients, up to about 5.0 mgrt of 
^uptoabou. 1.0mgflofCokinin. uptoabout , 50.0 mgrt of abscisic acid, about 10.0 
,0 about 120.0 gn of sugar. ««1 up to about 0.5M of or«ai»c alcohol, for a suffici«« p«iod of 
time to prepare the target tissue for borabardmem by canier particles. 

35 The method ofdairo 22 wherein the bombarded targe, tissue, prior to being 

to .he selection medium, is cultured on preparation media containing a «,ffic.e« 
.n»unt of i«org«uc «ul organic nutrients, up to about 5 .0 mgfl of auxin, up to about 1^0 
mgfl of cytoldmn. up to about 150.0 mgfl of abscisic acid, about 10.0 to about 120.0 gfl of 
sugar, and up to rf»ut 0.5M of organic alcohol, for a sufficient period of time to aUow 
bombarded target tissue .0 recover from carrier particle msertion. 

36 The method ofdaims 34 and 35 whereto the organic alcohol is a member selecttd 
from ti« group consistmg of glycerol, mannitol. sort,itol. polyethylene glycol, and 
combinations thereof 

37 The method of claims 34 and 3 5 wherein the preparation medium further contains a 
gelling agent selected from the group consisting of about 6.0 to about 9.0 gA of agar, about 
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,.75 «, .bou. 5.0 gfl of gdl» gum, *ou. 6.0 .0 .bou, 8,0 gfl of .g»osc. abou, 3.5 .o ^ 
5.0 grt of AGARGEL, and combinations thereof 

3, Theme.hodofclaim22wher.in,he.mb.yog»ic.issu.cultureftom,hec«ltu« 
i^U«io«mediumi,cu.««edoncu.n.rem.inten«.ce medium —sasuffi^^^ 
„fi»rg»ucando,g»«nutriea.s.,bou.0.1.o.lK».t5.0ms..f.u>un,^^^^^^^ 
, 0 mgfl of cytoldnin. up to about 100.0 mgfl of abscisic acid, up to about . 0.0 gfl of 
Lv.!! oaTon. and about .0.0 to about 40.0 gA of »gar for a suflicient ..n« under «n.aWe 
.^omental conditions to g«.w the «nb,yogenic tissue culture containing p«-st.ge 
somatic embryos. 

39 Themetbodofclaim22wherei«««bombardedt.rg«.issu.isoul«.redoncuhu,e 

^e„«.ce media containing a sufBcien. amount of inorganic ^ organic nutHent^ ^ 
O...oabout5.0mg«ofau»n. about 0...o-XH....Omg«ofc,to.cinm.up.oab^^^^^^ 

^ of absdsic acid, up to about .0.0 g« of activated caHx... ^ about .0.0 to a^u. 40.0 
gfl of sugar for a sufficient time under suitable «.vin.nmental conditions to grow the 

bombarded target tissue. 

40 mmethodofd»m22wl«,einU«.ransformedembryogemctissueisculn»«lo« 
^ „..iat«»«ce media containing a sufficient amoum of inorganic and organic nu,x.en«. 
rf,out 0 1 to about 5.0 mgfl of auxin, about 0., to about ..0 mgfl of cytokinin. up to about 
rom^of.bscisicacid.uptoabout,O.Og«ofactiva.edc.rbon.a»..bou.,O.O.o^^ 

40.0 gfl'of sugar for a sufficient time under suitable «,vironm«.,al conditions to g^w the 
transformed embryogenic tissue, 

4, T*eme.hodofdaims3g.39.and40a«dfi..therconlains.ge»ing.gentselec,ed 
^„.be group consis«ngof-»u. 6,0.0 .bout9.0g« of ag.r.^u.K75.o.b^^^ 
geU«. gum. about 6.0 to about 8.0 g« of agarose, about 3.5 to about 5.0 g« of AGARGEL. 
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and combinations thereof. 

42. The method of claim 22 wherein the embiyogenic tissue culture from the culture 
initiation medium is cultured on embiyo development medium containing a sufficient 
amount of inorganic and organic nutrients, about 5.0 mg/1 to about 300.0 mgA of abscisic 
acid with the continued maintenance of the abscisic acid concentration, up to about 10.0 gA 
of activated carbon, about 20.0 to about 70.0 gA of sugar, and a gelUng agent selected from 
the group consisting of about 6.0 to about 12.0 s/\ of agar, about 1.75 to about 4.0 g/l of 
geUan gum. about 6.0 to about 8.0 g/1 of agarose, about 3.5 to about 6.0 gA of AGARGEL. 
and combinations thereof for a sufficient time under suitable enviromnental conditions to 
prepare the tai«et tissue for carrier particle bombardment . 

43. The method of claim 22 wherein the target tissue has been retrieved from 
cryopreservation . 



44. 



The method of claim 22 wherein the bombarded target tissue is cryopreserved. 



45. The method ofclaim 22 wherein the transformed embiyogenic tissue is 
cryopreserved. 

46. The transformed embryogenic tissue of claim 22. 

47. The transgemc somatic embryos of claim 22. 

48. The transgemc coiufer plants of cWm 22. 

49. A method for genetically engineering conifers selected from the group consisting o 
the genus Pirns and Pinus interspecies hybrids, which comprises: 
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(a) placing conifer target tissue selected from the group consisting of pre-stage 3 
zygotic embryos, tissues extmded from immature megagameophytes which 
contain pre-stage 3 zygotic embryos, and combinations thereof, on a target 
surface; 

(b) bombarding the target tissue by physically accelerating at the target tissue carrier 
particles which are much smaller than the cells of the target tissue, the carrier 
particles carrying copies of a genetic construction including at least one gene of 
interest; 

(c) transferring the bombarded target tissue to selection medium so as to select for 
embryogenic tissue which is transformed by the gene of interest; 

(d) transferring the transformed embryogenic tissue to embryo development medium 
containing a sufRdenf amount of inorganic and organic nutrients, about 5.0 rag/1 
to about 300.0 mg/1 of abscisic acid with the continued maintenance of the 
abscisic acid concentration, up to about 10.0 gA of activated carbon, about 20.0 to 
about 70.0 g/I of sugar, and a gelling agent selected from the group consisting of 
about 6.0 to about 12.0 gfl of agar, about 1.75 to about 4.0 g/1 of gellan gum. 
about 6.0 to about 8.0 g/1 of agarose, about 3.5 to about 6.0 g/I of AGARGEL, 
and combinations thereof, for a sufficient time under suitable environmental 
conditions to develop transgenic stage 3 somatic embryos; 

(e) separating the transgenic stage 3 somatic embryos from the development medium 
and partially drying the embryos by exposing the embryos to an atmosphere 
having a high relative humidity for a period of about 2 to about 5 weeks; 

(f) transferring the partially dried transgenic embryos to germination medium 
containing a sufficient amount of organic and inorgaiiic nutrients, up to about 
10.0 g/I of activated carbon, about 20.0 to about 40.0 g/I of sugar, and a gelling 
agent selected from the group consisting of 6.0 to 9.0 g/1 of agar, 1.75 to 3.50 g/l 
of gellan gum. 6.0 to 8.0 g/I of agarose, 3.5 to 5.0 g/1 of AGARGEL. and 
combinations thereof, for a sufficient time under suitable environmental cpndi- 
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tions to germinate the partially dried transgenic embryos; 

(g) converting the germinated transgenic embryos into acclimatized transgenic 
conifer plants; and 

(h) field planting the acclimatized transgenic conifer plants. 

50. The method of claim 49 wherein the conifer is selected from the group consisting of 
Pinus taeda. Pirns serotina. Pirns palustris, Pimis elliottii. Pirns rigida. Pirns radiata, and 
hybrids thereof 

51. The method of claim 49 wherein the conifer target tissue consists of immature 
megagameophytes which contam pre-stage 3 zygotic embiyos; the bombarded target tissue is 
cultured to encourage the extrusion of the bombarded pre-stage 3 zygotic embryos; and the 
extruded bombarded pre-stage 3 zygotic embryos are transferred to selection medium for 
selection of transformed cells. 

52. The method of claim 49 wherein the sugar is a member selected from the group 
conasting of glucose, maltose, sucrose, and combinations thereof 

53. The method of claim 49 wherein the carrier particles are microparticles between 0.2 
and 2.0 nucrons in diameter. 



67 



Case Docket No. FSL 96-1 



54. The method of claim 49 wherein the selection medium contains a sufficient amount 
of organic and inorganic nutrients, a selection agent at a concentration which b toxic to non- 
transformed cells but for which the gene of interest confers resistance to transformed cells, 
up to about 5.0 mgA of auxin, up to about 1.0 mgA of cytokinin, up to about 30.0 mg/1 of 
absdsic acid, and up to about 60.0 g/l of sugar. 

55. The method of claim 49 wherem the selection medium contains a sufficient amount 
of organic and inorganic nutrients, up to about 5.0 mg/1 of auxin, up to about 1.0 mgA of 
cytokmin, up to about 30.0 mgA of abscisic acid, up to about 60.0 g/l of sugar, and wherein 
the selection medium lacks a component necessary for the growth of non-transformed ceUs 
but for which the gene of interest confers to transformed cells the ability to produce the 
lacldng component. 

56. The method of claim 49 wherein the selection medium contains a sufficient amount 
of organic and inorganic nutrients, up to about 5.0 mg/1 of auxin, up to about 1.0 mgA of 
cytokinin. up to about 30.0 mg/1 of abscisic acid, up to about 60.0 g/\ of sugar, and wherein 
the selection medium comains a component necessary for the growth of cells in a form which 
cannot be utilized by non-transformed ceUs but for which the gene of interest confers to 
transformed ceUs the ability to utilize the necessary component. 

57. The method ofclaim 49 wherein the selection medium contains a sufficient amount 
of organic and inorganic nutrients, up to about 5 .0 mg/1 of auxin, up to about 1.0 mgA of 
cytokinin, up to about 30.0 mg/1 of abscisic acid, up to about 60.0 g/l of sugar, and wherein 
the selection medium aUows preferential growth of transformed cells containing the gene of 
interest. 
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58. The method of claims 54, 55, 56, and 57 wherein the selection medium further 
contains a gelling agent selected from the group consisting of about 6.0 to about 9.0 g/l of 
agar, about 1.75 to about 4.0 g/l of gellan gum, about 6.0 to about 8.0 g/l of agarose, about 
3.5 to about 5.0 g/l of AGARGEL, and combinations thereof 

59.. The method of claim 49 which further -comprises: 

(1) the addition of up to about 100.0 g/I of polyethylene glycol to the embryo 
development medium (e); and 

(2) transferring the transgenic stage 3 embryos from the embryo development 
medium to a second development medium containing a sufficient amount of 
inorganic and organic nutrients, about 5.0 mg/1 to about 300.0 mg/1 of abscisic 
add with the continuied maintenance of the abscisic acid concentration, up to 
about 10.0 g/I of activated carbon, up to about 100.0 g/l of polyethylene glycol, 
and about 20.0 to about 70.0 g/l of sugar, for a sufBcient time under suitable 
environmental conditions to further develop the transgenic stage 3 somatic 
embryos prior to partially drying the embryos. 

• ;, 

/ 

60. The method ofclaim 49 which further comprises: 

(1) the addition of up to about 100.0 g/l of polyethylene glycol to the embryo 
development mecUum (e); and 

(2) transferring the transgenic stage 3 embryos from the embryo development 
medium to a second development medium containing a sufiBcient amount of 
inorganic and organic nutrients, up to about 100.0 mg/1 of abscisic acid with the 
continued maintenance of the abscisic acid concentration,*up to about 10.0 g/l of 
activated carbon, up to about 100.0 g/l of polyethylene glycol, and about 20.0 to 
about 70.0 g/l of sugar, for a period of about 2 to about 12 weeks at a temperature 
in the range of about 0°C to about lO'C under suitable environmental conditions 
to maintain the viability of the transgenic stage 3 somatic embryos prior to 
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partially dr^ng the embryos. 

61 The method of claim 49 wherein the target tissue from the embryogenic tissue 
ailture. prior to the bombardment by the carrier particles, is cultured on preparation media 
containing a sufficient amount of inorganic and organic nutrients, up to about 5 .0 mg/1 of 
auxin, up to about 1.0 mgA of cytokinin. up to about 150.0 mg/1 of abscisic acid, about 10.0 
to about 120.0 g/l of sugar, and up to about 0.5M of organic alcohol, for a sufficient penod of 
time to prepare the target tissue for bombardment by carrier particles. 

62 The method of claim 49 wherein the bombarded target tissue, prior to being 
transferred to the selection medium, is cultured on preparation media containing a sufficient 
amount of inorganic and organic nutrients, up to about 5.0 mgA of auxin, up to about 1.0 
mgA of cytokinin. up to about 150.0 mg/1 of abscisic acid, about 10.0 to about 120.0 gA of 
sugar, and up to about 0.5M of organic alcohol, for a sufficient period of time to allow the 
bombarded target tissue to recover from carrier particle insertion. 

63. The method of claims 61 and 62 wherein the organic alcohol is a member selected 
from the group consisting of glycerol, mamiitol. sort)itol. polyethylene glycol, and 
combinations thereof 

64 The method of claims 61 and 62 wherein the preparation medium fiirther contains a 
geUing agent selected from the group consisting of about 6.0 to about 9.0 gA of agar, about 
1.75 to about 5.0 g/l of gellan gum. about 6.0 to about 8.0 g/l of agarose, about 3.5 to about 
5.0 g/l of AGARGEL, and combinations thereof • 
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65. The method of claim 49 wherein the bombarded target tissue is cultured on culture 
maintenance media containing a sufficient amount of inorganic and organic nutrients, about 
0.1 to about 5.0 mg/1 of auxin, about 0.1 to about 1.0 mg/1 of cytokinin, up to about 100.0 
mg/1 of abscisic acid, up to about 10.0 g/l of activated carbon, and about 10.0 to about 40.0 
g/I of sugar for a sufficient time under suitable enwonmental conditions to grow the 
bombarded target tissue. 

66. The method of claim 49 wherein the transformed embryogenic tissue is cultured on 
culture maintenance media containing a sufficient amount of inorganic and organic nutrients, 
about 0.1 to about 5.0 mg/1 of auxin, about 0. 1 to about 1 .0 mg/1 of cytokinin, up to about 
lOO.O.mg/1 of abscisic acid, up to about 10.0 g/l of activated carbon, and about 10.0 to about 
40.0 g/l of sugar for a sufficient time under suitable environmental conditions to grow the 
transformed embryogeiuc tissue. 

67. The method of claims 65 and 66 wherein the culture maintenance media furtho- 
contains a gelling agent selected from the group consisting of about 6.0 to about 9.0 g/l of 
agar, about 1.75 to about 4.0 g/l of gellan gum, about 6.0 to about 8.0 g/I of agarose, about 
3.5 to about 5.0 g/l of AGARGEL, and combinations thereof 

68. The method of claim 49 wherein the target tissue has been retrieved from 
ayopreservation . 

69. The method of claim 49 wherein the bombarded target tissue is cryopreserved. 

70. The method ofclum 49 wherein the transformed embryogeiuc tissue is 
cryopreserved. 
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The transformed embryogenic tissue of claim 49. 
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; 72. The transgenic somatic embryos of claim 49. 

73. The transgenic conifer plants of claim 49. 

74. A new method for genetically engineering conifers, 
including any new and inventive integer or 
combination thereof herein described or exemplified. 

75. The transformed embryogenic tissue as claimed in any 
one of claims 19, 46, or 71, substantially as herein 
described or exemplified. 

76. A new transformed embryogenic tissue of the genus 
Pinus and Pinus interspecies hybrids including any 
new and inventive integer or combination thereof 
herein described or exemplified. 

77. The transformed somatic embryos as claimed in any 
one of claims 20, 47, or 72, substantially as herein 
described or exemplified. 

78. A new transformed somatic embryo of the genus Pinus 
and Pinus interspecies hybrids including any new jand 
inventive integer or combination thereof herein 
described or exemplified. 

79. The transformed conifer plants as claimed in any one 
of claims 21, 48 or 73, substantially as herein 
described or exemplified. 

80. A new transformed conifer plant of the genus Pinus 
and Pinus interspecies hybrids including any new and 
inventive integer or combination thereof herein 
described or exemplified. 

P. B. JAMES 

DATED THIS 3RD DAY OF JUNE 1999 JOHN & KERNICK 

FOR THE APPLICANT 
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WESWACO CORPORATION 
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Figure I- Plasmid DNA used for Biollstic transfonnatlon of pine cell cultures. A) Plasm.d pWVK49 contains a 
cSt c /ene consisting of a plant promoter sequence, a coding sequence for the visual marker mdk from 
^ctrZ cTa^d^^^^^^^ te'rminL sequence. B) Plasmid pWVK54 contains synthetic gene consisting of 

second gene tenninator sequence. 



AB. JAMES 



